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I. THE REAL PAR TY IN INTEREST 

The real parties in interest are Heidelberg Digital, LLC, assignee of this 
application, and Heidelberger Druckmaschinen AG. 

II. RELATED APPEALS AND INTFRFFRFNOFS 

Appellant believes there are no related interferences or appeals that will have 
any bearing on this appeal. 

III. STATUS OF THF CI AIMS 

Claims 1-20 are pending in the application; claims 3-7, 10-15, 19, and 20 are 
allowed, and claims 1, 2, 8, 9, and 16-18 have been rejected. Appeal is taken on the 
rejected claims. 

IV. STATUS QF THE AMENDMENTS 

Claims 3, 4, 11, 15, and 19 have been amended once to make them 
independent claims. Claims 7, 10, and 20 have been amended twice, first to correct an 
antecedent basis issue, and secondly to make them independent claims. Claims 9, 16, 
and 17 have been amended once to correct clerical errors. These changes did not 
include any new matter, and in no way changed the scope of the claims. All 
amendments were entered by the Examiner. The appealed claims are included in 
Appendix A of this brief. 

V. SUMMARY QF THF INVENTION AND ITS II I USTRATIVE EMBODIMENT 

In high speed electrostatographic reproduction apparatus, it is a common 
practice to employ an elongated photoconductive belt or web adapted to record 
transferable images while the web is moving in a path in operative relation with various 
process stations. Typically the web is supported by, and driven about, at least one 
roller. With a roller support, there is a tendency for the moving web to shift laterally, or 
cross-track, with respect to such a roller. Electrostatographic reproduction apparatus 
therefore typically utilize servo-actuated or self-actuated steering rollers. While such 
steering rollers generally correct in a gross manner the cross-track shifting of the web, 
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they tend to produce significant lateral movement of the web at an uneven rate as it is 
re-aligned. (See specification page 1, lines 10-15, and lines 27-31) 

(The numbers in the following description correspond to the numbers on Figures 
1-4, which figures should be referred to for clarity.) In a closed loop web/roller system 8, 
5 at least one steering roller 10 is provided; that is the roller which is free to move in some 
fashion so as to "steer" the web laterally (parallel to the steering roller 10 longitudinal 
axis 9) to bring it to the desired position. One way in which a roller may move is by 
"gimballing" the roller; i.e. by mounting the roller for pivotal movement about a gimbal 
axis 6, which is parallel to the direction of linear movement of the entering web, and 

10 which preferably intersects the longitudinal axis 9 of the roller at the midpoint of the 
roller (specification page 3, lines 10-17). 

Another way in which a roller may move is by mounting the roller for pivotal 
movement about a caster axis 7, which is an axis perpendicular to the gimbal axis, 
which intersects the gimbal axis 6 upstream of the roller. A roller may be both 

is "castered" and "gimbaled", which means that such a roller is able to pivot about both the 
caster axis 7 and the gimbal axis 6. (specification page 3, lines 22-27) 

According to an aspect of the invention, a method of web tracking adjustment for 
guiding a moving web 2 in a predetermined path of travel relative to a stationary frame 
4 comprises biasing a steering roller 10 in a gimbal direction, and adjusting the bias to 

20 achieve desired tracking. By biasing the steering roller 10 in a gimbal direction it is 
meant that the steering roller is pivoted about the gimbal axis 6 such that the web 2 on 
the downstream side of the steering roller 10 is not perpendicular to the longitudinal 
axis 9 of the steering roller 10. This can be seen in Figure 2, which is a top view of the 
web/roller system 8, laid out flat for viewing purposes, (specification page 4, Iines3-1 1) 

25 Referring to Figure 3, in a preferred embodiment, the steering roller 10 is biased by 
a spring 20 having an end one 22 and an end two 24 mounted between the frame 4 
and one end of the steering roller 10 such that the spring end one 22 is mounted to the 
frame 4, and the spring end two 24 is mounted to the steering roller 10, such that the 
spring 20 applies a rotational force on the steering roller 10 about a gimbal axis 6 
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(specification page 4, lines 18-23). According to an aspect of the invention, a means 
for adjustment is accomplished by applying a pre-load to the spring 20 to achieve the 
desired tracking. As shown in Figure 3, one method for applying this pre-load is by 
attaching a mounting nut 26 to the spring end one 22, and threading a mounting screw 
5 28 through the frame 4, such that the mounting nut 26 is threaded onto the mounting 
screw 28 to apply the desired pre-load on said spring (specification page 4, lines 25- 
30). 

VI. ISSUFS ON APPFAI 
io A) The non-anticipation of claims 1, 2, 9, and 16-18, by Moe et al. 

B) The non-anticipation of claims 1 and 8 by Morse (USP 3,913,813). 

C) The non-anticipation of claims 1 and 8 by Morse et al (USP 3,608,796). 



VII. 


THE A 


RT RELIED ON BYTHF FXA 




Moe et al 


USP 5,659,851 


8/19/1997 


Morse 


USP 3,913,813 


10/21/1975 


Morse et al 


USP 3,608,796 


9/28/1971 



VIII. GROUPING OF THE CLAIMS 

20 

Claims 1, 2, 9, and 16-18 have been rejected under 35 U.S.C. 102 as being 
anticipated by Moe et al. Claims 1 and 8 have been rejected under 35 U.S.C. 102 as 
being anticipated by Morse (USP 3,913,813). Claims 1 and 8 have been Tejected under 
35 U.S.C. 102 as being anticipated by Morse et al (USP 3,608,796). For purposes of 
25 the appeal, claims 1 and 8 are grouped together, and claims 9 and 16 are grouped 

together. Appellant considers each of the remaining claims argued separately below, to 
be separately patentable. Appellant requests that these claims be considered 
individually. 
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IX APELLANTS ARGUMENTS 

A) THE NON-ANTICIPATION OF CLAIMS 1 r 2 9 and 16-18. BY Moe et al. 

5 

Claims 1, 2, 9, and 16-18 stand rejected under 35 U.S.C. 102 as being 
anticipated by Moe et al. With respect to claims 1,2, 17, and 18, applicants 
respectfully requested the Examiner identify where Moe et al discloses "A method of 
web tracking adjustment for guiding a moving web in a predetermined path of travel 

10 relative to a stationary frame, comprising: biasing a steering roller in a gimbal direction; 
and, adjusting said bias to achieve desired tracking" (applicant's claim 1) so applicants 
could adequately respond. The Examiner responded by stating that "Moe et al (US 
5,659,851) discloses biasing the steering roller (14) in the gimbal direction (56) through 
the use of springs (80). " The axis (56) of Moe et al. is not the gimbal direction. Moe et 

is al. calls it the "steering axis 56", which corresponds to the "gimbal axis" of the captioned 
application. Applicants respectfully submit that the Examiner's construction of Moe et 
al. is in error. Further, the springs (80) of Moe et al are repeatedly referred to as "pivot 
resisting means" (column 7, lines 3-5, and lines 46-47) which are there to resist bias, 
not to cause bias. Therefore, since Moe et al does not disclose this limitation, appellant 

20 requests reversal of the Examiner regarding rejection of claims 1, 2,17, and 18. 

Examiner further states that Moe et al discloses "a means for adjusting (94)(96)", 
but applicant's claim requires "adjusting said bias to achieve desired tracking." 
Examiner has not shown that (94) and (96) adjust the bias to achieve desired tracking. 
Moe et al. describes item (94) as "a tension adjusting disc (94)" and item (96) as a 

25 "tension releasing cam (96)" [column 8, lines 28-29]. These are used "to quickly engage 
or release the tension applied by the coil spring (88)" which "biases the carriage pin 
toward the steering roller" (column 8 lines 30-40). This is a force along the gimbal axis, 
which does not cause bias in the gimbal direction. As defined, by biasing the steering 
roller 10 in a gimbal direction it is meant that the steering roller is pivoted about the 

30 gimbal axis 6 such that the web 2 on the downstream side of the steering roller 10 is not 
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perpendicular to the longitudinal axis 9 of the steering roller 10. "A claim is anticipated 
only if each and every element as set forth in the claim is found, either expressly or 
inherently described in a single prior art reference" [MPEP 2131 quoting Verdegaal 
Bros. v. Union Oil Co. of California, 814 F.2d 628, 631, 2 USPQ2d 1051, 1053 (Fed. 
5 Cir. 1987). Therefore, since Moe et al does not disclose this limitation, appellant 
requests reversal of the Examiner regarding rejection of claims 1, 2,17, and 18. 

With regard to claims 2 and 18, Moe et al does not disclose "a lateral constraint" 
wherein the bias "allows the web to ride against said lateral constraint without damaging 
the web." Therefore, since Moe et al does not disclose this limitation, appellant requests 

io reversal of the Examiner regarding rejection of claims 2 and 18 on this basis. 

With regard to claims 9 and 16, applicants respectfully requested that Examiner 
identify where Moe et al discloses "a gimbaled steering roller having a lateral 
constraint; a means for biasing said steering roller in a gimbal direction; and, a means 
for adjusting said bias to achieve desired tracking" so applicants could adequately 

15 respond. Examiner responded by stating that Moe et al disclosed a "means for biasing 
(80) in a gimbal direction (56); a means for adjusting (94)(96)." However, as stated 
above, the axis (56) of Moe et al. is not the gimbal direction. Moe et al. calls it the 
"steering axis 56", which corresponds to the "gimbal axis" of the captioned application. 
Further, flat springs (80) are not a means for biasing, but rather a means for resisting 

20 bias. Further, as stated above, items (94) and (96) are not "means for adjusting said 
bias to achieve desired tracking." Therefore, since Moe et al does not disclose these 
limitations, appellant requests reversal of the Examiner regarding rejection of claims 9 
and 16. 

25 

R) THF NON-ANTICIPATION OF CA AIMS 1 and 8 hy Morse (USP 3 913 813V 

Claims 1 and 8 stand rejected under 35 U.S.C. 102 (b) as being 
anticipated by Morse. (3,913,813). Examiner states that Morse discloses "biasing the 
30 steering roller (1 1) in the gimbal direction (20) through the use of resilient wire (61)." 
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The axis (20) of Morse is not the girnbal direction. Morse refers to (20) as a "gimbal 
axis." Applicants respectfully submit that the Examiner's construction of Morse 
(3,913,813) is in error. Further, resilient wire (61) does not bias a steering roller in a 
gimbal direction, but constrains the roller to reduce the freedom of movement to "pivotal 
5 movement about gimbal axis (20) and castering axis (30)" (column 6, lines 15-23). 
Therefore, since Morse (USP 3,913,813) does not disclose this limitation, appellant 
requests reversal of the Examiner regarding rejection of claims 1 and 8 on this basis. 

The Examiner furthers states that Morse (3,913,813) discloses "adjusting the 
bias (60)(70)(72)". However, the yoke/screw assembly (70)(72) in Morse results in a 
10 force about the caster axis (30), not the gimbal axis (20) (see Figures 2a and 2b). 
Therefore, since Morse (USP 3,913,813) does not disclose this limitation, appellant 
requests reversal of the Examiner regarding rejection of claims 1 and 8 on this basis. 

C) THE NON-ANTICIPATION OF CLAIMS 1 and 8 by Morse et al (USP 3 .608.796). 

15 

Claims 1 and 8 stand rejected under 35 U.S.C. 102(b) as being anticipated by 
Morse et al (3,608,796). Examiner states that Morse et al discloses "biasing the 
steering roller (2) in the gimbal direction (34) through the use of flexure arm (40) and 
the U-shaped spring bracket 52." The axis (34) of Morse et al is not the gimbal 

20 direction. Morse et al refers to (34) as a "gimbal axis." Further, flexure arm (40) is used 
to "adjustably position the roller about axis 32" (column 2, lines 68-69), which is the 
caster axis. The U-shaped bracket (52) "exerts a force on flexure 40 in the direction of 
arrow 54" (column 3 lines 1 1-12). A force in the direction (54) would cause movement 
about the caster axis (32), not the gimbal axis (34) (see Figure 1). Therefore, since 

25 Morse et al (USP 3,608,796) does not disclose this limitation, appellant requests 
reversal of the Examiner regarding rejection of claims 1 and 8 on this basis. 

Examiner further states Morse et al discloses "adjusting the bias (36)(44)(46)." 
The adjustment features Examiner refers to (36)(44)(46) are to position the roller (2) 
about the adjustment axis (32) (see column 2 lines 59-70), not the gimbal axis. "A 
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claim is anticipated only if each and every element as set forth in the claim is found, 
either expressly or inherently described in a single prior art reference" [MPEP 2131 
quoting Verdegaal Bros. v. Union Oil Co. of California, 814 F.2d 628, 631, 2 USPQ2d 
1051, 1053 (Fed. Cir. 1987). Therefore, since Morse et al (USP 3,608,796) does not 
s disclose this limitation, appellant requests reversal of the Examiner regarding rejection 
of claims 1 and 8 on this basis. 

IX. SUMMARY 



Appellant's claimed Web tracking adjustment device and method through use of 



io a biased gimbal as described in claims 1, 2, 8, 9, and 16-18 is distinct and patentably 
defined over the cited references as applied by the Examiner. Appellant requests 
reversal of the final rejection of Claims 1, 2, 8, 9, and 16-18. 
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APPENDIX A 




1 . A method of web tracking adjustment for guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction; and, 
adjusting said bias to achieve desired tracking. 

2. The method of claim 1 wherein said steering roller has a lateral constraint, 
and said bias allows the web to ride against said lateral constraint without 
damaging the web. 

8. The method of claim 1 wherein said steering roller is mounted to said 
stationary frame in such a manner as to allow said steering roller to pivot about a 
caster axis. 

9. (once amended) A web tracking apparatus for guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint; 

a means for biasing said steering roller in a gimbal direction; and, 

a means for adjusting said bias to achieve desired tracking. 

16. (once amended) The web tracking apparatus of claim 9 further comprising 
a stop for preventing said steering roller from rotating too far in the gimbal 
direction. 

17. (once amended) A method of web tracking adjustment for guiding a 
photoconductor loop in a electrostatographic reproduction apparatus on a 
predetermined path of travel relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction; and, 
adjusting said bias to achieve desired tracking. 

18. The method of claim 17 wherein said steering roller has a lateral 
constraint, and said bias allows the web to ride against said lateral constraint 
without damaging the web. 
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1 . A method of web tracking adjustment for guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction; and, 
adjusting said bias to achieve desired tracking. 

2. The method of claim 1 wherein said steering roller has a lateral constraint, 
and said bias allows the web to ride against said lateral constraint without 
damaging the web. 

3. (once amended) A method of web tracking adjustment for guiding a 
moving web in a predetermined path of travel relative to a stationary frame, 
comprising: 

biasing a steering roller in a gimbal direction wherein said bias allows the 
web to ride against a lateral constraint without damaging the web, and wherein 
said steering roller is mounted on a roller shaft, and said lateral constraint 
comprises an edge guide which is rotatably mounted on said roller shaft and is 
axially slidable relative thereto; and, 

adjusting said bias to achieve desired tracking. 

4. (once amended) A method of web tracking adjustment for guiding a 
moving web in a predetermined path of travel relative to a stationary frame, 
comprising: 

biasing a steering roller in a gimbal direction wherein said bias allows the 
web to ride against a lateral constraint without damaging the web, wherein said 
steering roller is biased by a spring having an end one and an end two mounted 
between the frame and one end of said steering roller such that said spring end 
one is mounted to said frame, and said spring end two is mounted to said 
steering roller, such that said spring applies a rotational force on said steering 
roller about a gimbal axis; and, 

adjusting said bias to achieve desired tracking. 

5. The method of claim 4 wherein said adjustment comprises applying a pre- 
load to said spring to achieve desired tracking. 

6. The method of claim 5 wherein said spring is mounted to said frame by 
attaching a mounting nut to said spring end one, and threading a screw through 




the frame, such that said mounting nut is threaded onto said screw to apply the 
desired pre-load on said spring. 

7. (twice amended) A method of web tracking adjustment for guiding a 
moving web in a predetermined path of travel relative to a stationary frame, 
comprising: 

biasing a steering roller in a gimbal direction; 

adjusting said bias to achieve desired tracking, and further comprising a 
housing and spring flexures, wherein said housing is pivotally mounted to said 
frame such that said housing pivots about a gimbal axis, and wherein said 
steering roller is mounted on a roller shaft, which said shaft is in turn mounted to 
said housing by said spring flexures, such that said spring flexures allow said 
steering roller to pivot about a caster axis, while said housing allows said steering 
roller to pivot about a gimbal axis. 

8. The method of claim 1 wherein said steering roller is mounted to said 
stationary frame in such a manner as to allow said steering roller to pivot about a 
caster axis. 

9. (once amended) A web tracking apparatus for guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint; 

a means for biasing said steering roller in a gimbal direction; and, 

a means for adjusting said bias to achieve desired tracking. 

10. (twice amended) A web tracking apparatus for a guiding a moving web in 
a predetermined path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint; 
a means for biasing said steering roller in a gimbal direction; and, 
a means for adjusting said bias to achieve desired tracking, and further 
comprising a housing and spring flexures, wherein said housing is pivotally 
mounted to said frame such that said housing pivots about a gimbal axis of said 
steering roller, and wherein said steering roller is mounted on a roller shaft, which 
said shaft is in turn mounted to said housing by said spring flexures, such that 




said spring flexures allow said steering roller to pivot about a caster axis, while 
said housing allows said steering roller to pivot about a gimbal axis. 

1 1 . (once amended) A web tracking apparatus for a guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint; 

a means for biasing said steering roller in a gimbal direction, wherein said 
means for biasing said steering roller in the gimbal direction comprises a spring 
having an end one and an end two mounted between the frame and one end of 
said steering roller such that said spring end one is mounted to said frame, and 
said spring end two is mounted to said steering roller, such that said spring 
applies a rotational force on said steering roller about a gimbal axis; and, 

a means for adjusting said bias to achieve desired tracking. 

12. The web tracking apparatus of claim 1 1 wherein said means for adjusting 
said bias comprises applying a pre-load to said spring to achieve desired 
tracking. 

13. The web tracking apparatus of claim 12 wherein said spring is mounted to 
said frame by attaching a mounting nut to said spring end one, and threading a 
screw through the frame, such that said mounting nut is threaded onto said 
screw to apply the desired pre-load on said spring. 

14. The web tracking apparatus of claim 9 wherein said steering roller is 
mounted on a roller shaft. 

15. (once amended) A web tracking apparatus for a guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint wherein said steering 
roller is mounted on a roller shaft, and wherein said lateral constraint comprises 
an edge guide which is rotatably mounted on said roller shaft and is axially 
slidable relative thereto; 

a means for biasing said steering roller in a gimbal direction; and, 
a means for adjusting said bias to achieve desired tracking. 




16. (once amended) The web tracking apparatus of claim 9 further comprising 
a stop for preventing said steering roller from rotating too far in the gimbal 
direction. 

1 7. (once amended) A method of web tracking adjustment for guiding a 
photoconductor loop in a electrostatographic reproduction apparatus on a 
predetermined path of travel relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction; and, 
adjusting said bias to achieve desired tracking. 

18. The method of claim 17 wherein said steering roller has a lateral 
constraint, and said bias allows the web to ride against said lateral constraint 
without damaging the web. 

19. (once amended) A method of web tracking adjustment for guiding a 
photoconductor loop in a electrostatographic reproduction apparatus on a 
predetermined path of travel relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction wherein said steering roller 
has a lateral constraint, and said bias allows the web to ride against said lateral 
constraint without damaging the web, and wherein said steering roller is mounted 
on a roller shaft, and said lateral constraint comprises an edge guide which is 
rotatably mounted on said roller shaft and is axially slidable relative thereto; and, 

adjusting said bias to achieve desired tracking. 

20. (twice amended) A method of web tracking adjustment for guiding a 
photoconductor loop in a electrostatographic reproduction apparatus on a 
predetermined path of travel relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction; and, 

adjusting said bias to achieve desired tracking, and further comprising a 
housing and spring flexures, wherein said housing is pivotally mounted to said 
frame such that said housing pivots about a gimbal axis, and wherein said 
steering roller is mounted on a roller shaft, which said shaft is in turn mounted to 
said housing by said spring flexures, such that said spring flexures allow said 
steering roller to pivot about a caster axis, while said housing allows said steering 
roller to pivot about a gimbal axis. 



APPENDIX C 



Web Tracking Adjustment Device and Method Through Use of a Biased Gimbal 
Young et al, Application Number 09/772,177 



2/2 

12 




FIG-3 




APPENDIX D 



United States Bvtent and Trademark Ofttce 



UNITED STATES DEPARTMENT OF COMMERCE 

United States Patent and Trademark Office 

Addms: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington. D.C. 20231 

www.u5pto.gov 



APPLICATION NO. 



FILING DATE 



| FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. 



09/772,177 



01/29/2001 



Timothy J. Young 



7590 03/1672003 

Kathleen K. Bowen 
311 HillbrookDr. 
Cuyahoga Falls, OH 44223 



10030 



9720 



EXAMINER 



PHAM, MINH CHAU 



ART UNIT 



PAPER NUMBER 



3654 

DATE MAILED: 03/18/2003 



Please find below and/or attached an Office communication concerning this application or proceeding. 



PTO-90C (Rev. 07-01) 



Advisory Action 



Application No. 

09/772,177 



Examiner 

Minh-Chau Pham 



Applicant(s) 

YOUNG ET AL 



Art Unit 

3654 




-The MAILING DATE of this communication appears on the cover sheet with the correspondence address 

THE REPLY FILED 25 February 2003 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE. 
Therefore, further action by the applicant is required to avoid abandonment of this application. A proper reply to a 
final rejection under 37 CFR 1.113 may only be either (1) a timely filed amendment which places the application in 
condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed Request for Continued 
Examination (RCE) in compliance with 37 CFR 1.114. 

PERIOD FOR REPLY [check either a) or b)] 

a) EI The period for reply expires 3_months from the mailing date of the final rejection. 

b) CD The period for reply expires on: (1 ) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is later. In no 

event, however, will the statutory period for reply expire later than SIX MONTHS from the mating date of the final rejection 

ONLY CHECK THIS BOX WHEN THE FIRST REPLY WAS FILED WITHIN TWO MONTHS OF THE FINAL REJECTION See MPEP 

706.07(f). 

Extensions of time may be obtained under 37 CFR 1 .136(a). The date on which the petition under 37 CFR 1 .136(a) and the appropriate extension fee 
have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The appropriate extension fee under 
37 CFR 1 .1 7(a) is calculated from: (1 ) the expiration date of the shortened statutory period for reply originally set in the final Office action; or (2) as set forth in 
(b) above, if checked. Any reply received by the Office later than three months after the mailing date of the final rejection, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1 .704(b). 

A Notice of Appeal was filed on . Appellant's Brief must be filed within the period set forth in 

37 CFR 1.192(a), or any extension thereof (37 CFR 1.191(d)), to avoid dismissal of the appeal. 

2. Q The proposed amendment(s) will not be entered because: 

(a) □ they raise new issues that would require further consideration and/or search (see NOTE below); 

(b) □ they raise the issue of new matter (see Note below); 

(c) □ they are not deemed to place the application in better form for appeal by materially reducing or simplifying the 

issues for appeal; and/or 

(d) □ they present additional claims without canceling a corresponding number of finally rejected claims. 

NOTE: . 

3. EJ Applicant's reply has overcome the following rejections): claims 3-7. 10-15. 19-20 are now allowable . 

4. Q Newly proposed or amended claim(s) would be allowable if submitted in a separate, timely filed amendment 

canceling the non-allowable claim(s). 

5.S The a)D affidavit, b)D exhibit, or c)IS request for reconsideration has been considered but does NOT place the 
application in condition for allowance because: See Continuation Sheet 

6. Q The affidavit or exhibit will NOT be considered because it is not directed SOLELY to issues which were newly 

raised by the Examiner in the final rejection. 

7. H For purposes of Appeal, the proposed amendment(s) a)D will not be entered or b)S will be entered and an 

explanation of how the new or amended claims would be rejected is provided below or appended. 

The status of the claim(s) is (or will be) as follows: 
Claim(s) allowed: 3-7.1 0-15.19 and 20 . 
Claim(s) objected to: . 



Claim(s) rejected: 1.2.8.9 and 16-18 . 
Claim(s) withdrawn from consideration: 



8. Q The proposed drawing correction filed on is a)D approved or b)D disapproved by the Examiner. 

9. D Note the attached Information Disclosure Statement(s)( PTO-1449) Paper No(s). . 

10. D Other: 

MICHAEL R. MANSEN 
PRIMARY EXAMINER 



U.S. Patent and Trademark Office 



PTO-303 (Rev. 04-01 ) Advisory Action Part of Paper No. 8 



Continuation Sheet (PTO-303) 




Application No. 



09/772,177 



Continuation of 5. does NOT place the application in condition for allowance because: applicants' arguments are not persuasive and do 
not show how the claims do not read on the prior art. 
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Please rewrite claim 3 without prejudice or disclaimer as follows: 

3. (once amended) A method of web tracking adjustment for guiding a 
moving web in a predetermined path of travel relative to a stationary frame, 
comprising: 

biasing a steering roller in a gimbal direction wherein said bias allows the 
web to ride against a lateral constraint without damaging the web, and wherein 
said steering roller is mounted on a roller shaft, and said lateral constraint 
comprises an edge guide which is rotatably mounted on said roller shaft and is 
axially slidable relative thereto; and, 

adjusting said bias to achieve desired tracking. 

Please rewrite claim 4 without prejudice or disclaimer as follows: 

4. (once amended) A method of web tracking adjustment for guiding a 
moving web in a predetermined path of travel relative to a stationary frame, 
comprising: 

biasing a steering roller in a gimbal direction wherein said bias allows the 
web to ride against a lateral constraint without damaging the web, wherein said 
steering roller is biased by a spring having an end one and an end two mounted 
between the frame and one end of said steering roller such that said spring end 
one is mounted to said frame, and said spring end two is mounted to said 
steering roller, such that said spring applies a rotational force on said steering 
roller about a gimbal axis; and, 

adjusting said bias to achieve desired tracking. 

Please rewrite claim 7 without prejudice or disclaimer as follows: 

7. (twice amended) A method of web tracking adjustment for guiding a 

moving web in a predetermined path of travel relative to a stationary frame, 

comprising: 

biasing a steering roller in a gimbal direction; 

adjusting said bias to achieve desired tracking, and further comprising a 
housing and spring flexures, wherein said housing is pivotally mounted to said 
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frame such that said housing pivots about a gimbal axis, and wherein said 
steering roller is mounted on a roller shaft, which said shaft is in turn mounted to 
said housing by said spring flexures, such that said spring flexures allow said 
steering roller to pivot about a caster axis, while said housing allows said steering 
roller to pivot about a gimbal axis. 

Please rewrite claim 10 without prejudice or disclaimer as follows: 

1 0. (twice amended) A web tracking apparatus for a guiding a moving web in 
a predetermined path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint; 
a means for biasing said steering roller in a gimbal direction; and, 
a means for adjusting said bias to achieve desired tracking, and further 
comprising a housing and spring flexures, wherein said housing is pivotally 
mounted to said frame such that said housing pivots about a gimbal axis of said 
steering roller, and wherein said steering roller is mounted on a roller shaft, which 
said shaft is in turn mounted to said housing by said spring flexures, such that 
said spring flexures allow said steering roller to pivot about a caster axis, while 
said housing allows said steering roller to pivot about a gimbal axis. 

Please rewrite claim 1 1 without prejudice or disclaimer as follows: 

1 1 . (once amended) A web tracking apparatus for a guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint; 

a means for biasing said steering roller in a gimbal direction, wherein said 
means for biasing said steering roller in the gimbal direction comprises a spring 
having an end one and an end two mounted between the frame and one end of 
said steering roller such that said spring end one is mounted to said frame, and 
said spring end two is mounted to said steering roller, such that said spring 
applies a rotational force on said steering roller about a gimbal axis; and, 

a means for adjusting said bias to achieve desired tracking. 
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Please rewrite claim 15 without prejudice or disclaimer as follows: 

1 5. (once amended) A web tracking apparatus for a guiding a moving web in a 

predetermined path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint wherein said steering 
roller is mounted on a roller shaft, and wherein said lateral constraint comprises 
an edge guide which is rotatably mounted on said roller shaft and is axially 
slidable relative thereto; 

a means for biasing said steering roller in a gimbal direction; and, 
a means for adjusting said bias to achieve desired tracking. 

Please rewrite claim 19 without prejudice or disclaimer as follows: 

1 9. (once amended) A method of web tracking adjustment for guiding a 
photoconductor loop in a electrostatographic reproduction apparatus on a 
predetermined path of travel relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction wherein said steering roller 
has a lateral constraint, and said bias allows the web to ride against said lateral 
constraint without damaging the web, and wherein said steering roller is mounted 
on a roller shaft, and said lateral constraint comprises an edge guide which is 
rotatably mounted on said roller shaft and is axially slidable relative thereto; and, 

adjusting said bias to achieve desired tracking. 

Please rewrite claim 20 without prejudice or disclaimer as follows: 

20. (twice amended) A method of web tracking adjustment for guiding a 
photoconductor loop in a electrostatographic reproduction apparatus on a 
predetermined path of travel relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction; and, 

adjusting said bias to achieve desired tracking, and further comprising a 
housing and spring flexures, wherein said housing is pivotaliy mounted to said 
frame such that said housing pivots about a gimbal axis, and wherein said 
steering roller is mounted on a roller shaft, which said shaft is in turn mounted to 
said housing by said spring flexures, such that said spring flexures allow said 
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steering roller to pivot about a caster axis, while said housing allows said steering 
roller to pivot about a gimbal axis. 

REMARKS 

Claims 1-2, 9,14, and 16-18 stand rejected under 35 U.S.C. 102 (b) as 
being anticipated by Moe et al. Claims 1 and 8 stand rejected under 35 U.S.C. 
102 (b) as being anticipated by Morse. (3,913,813). Claims 1 and 8 stand 
rejected under 35 U.S.C. 102(b) as being anticipated by Morse et al (3,608,796). 
Applicants respectfully submit that for the following reasons, claims 1-2, 9,14, 
and 16-18 are not anticipated under 35 U.S.C. 102(b) by Moe et al, and claims 1 
and 8 are not anticipated under 35 U.S.C. 102(b) by Morse (3,913,813) or by 
Morse et al (3,608,796). Claims 3-7, 10-13, 15, and 19-20 would be allowable if 
rewritten to overcome the rejections under 35 USC 112, second paragraph, set 
forth in this office action (there were none set for the in this office action), and to 
include all of the limitations of the base claim and any intervening claims. 
Applicants respectfully request allowance of amended claims 3-7, 10-13, 15, and 
19-20 and reconsideration and further examination of claims 1-2, 9,14, and 16- 
18. 

Drawings 

The proposed drawing correction filed on September 22, 2002 has been 
approved by the Examiner. The formal amended drawing is attached to this 
correspondence. Applicants respectfully request the Examiner enter said formal 
drawing. 
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Art Rejections 

Moe et al (U.S. 5,659,851 ) 

Claims 1-2, 9,14, and 16-18 stand rejected under 35 U.S.C. 102 (b) as 
being anticipated by Moe et al. With respect to claims 1, 2, 17, and 18, 
applicants respectfully requested the Examiner identify where Moe et al discloses 
"A method of web tracking adjustment for guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: biasing a 
steering roller in a gimbal direction; and, adjusting said bias to achieve desired 
tracking" (applicants claim 1) so applicants could adequately respond. The 
Examiner responded by stating that "Moe et al (US 5,659,851) discloses biasing 
the steering roller (14) in the gimbal direction (56) through the use of springs 
(80). " The axis (56) of Moe et al. is not the gimbal direction. Moe et al. calls it 
the "steering axis 56", which corresponds to the "gimbal axis" of the captioned 
application. Applicants respectfully submit that the Examiner's construction of 
Moe et al. is in error. 

Examiner further states that Moe et al discloses "a means for adjusting 
(94)(96)", but applicants claim requires "adjusting said bias to achieve desired 
tracking." Examiner has not shown that (94) and (96) adjust the bias to achieve 
desired tracking. Moe et al. describes item (94) as "a tension adjusting disc (94)" 
and item (96) as a "tension releasing cam (96)" [column 8, lines 28-29]. "A 
claim is anticipated only if each and every element as set forth in the claim is 
found, either expressly or inherently described in a single prior art reference" 
[MPEP 2131 quoting Verdegaal Bros. v. Union Oil Co. of California, 814 F.2d 
628, 631, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987). Applicants again respectfully 
request Examiner state where in Moe et al it discloses biasing the steering roller 
in the gimbal direction, as previously defined, and adjusting said bias to achieve 
desired tracking, so that applicants can adequately respond. In the absence of 
such, applicants respectfully submit that the Examiner has not met his burden 



6 




under 102(b), and rejection of claims 1, 2,17, and 18 on this basis is in error, and 
request that the rejection on this basis be withdrawn. 

With regard to claims 9, 14 and 16, applicants respectfully requested that 
Examiner identify where Moe et al discloses "a gimbaled steering roller having a 
lateral constraint; a means for biasing said steering roller in a gimbal direction; 
and, a means for adjusting said bias to achieve desired tracking" so applicants 
could adequately respond. Examiner responded by stating that Moe et al 
disclosed a "means for biasing (80) in a gimbal direction (56); a means for 
adjusting (94)(96)." However, as stated above, the axis (56) of Moe et al. is not 
the gimbal direction. Moe et al. calls it the "steering axis 56", which corresponds 
to the "gimbal axis" of the captioned application. 

Further, items (94) and (96) are not "means for adjusting said bias to 
achieve desired tracking." Moe et al. Describes item (94) as "a tension adjusting 
disc (94)" and item (96) as a tension releasing cam (96)" [column 8, lines 28-29]. 
"A claim is anticipated only if each and every element as set forth in the claim is 
found, either expressly or inherently described in a single prior art reference" 
[MPEP 2131 quoting Verdegaal Bros. v. Union Oil Co. of California, 814 F.2d 
628, 631, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987). Applicants again respectfully 
request the Examiner show where Moe et al discloses a "means for biasing said 
steering roller in a gimbal direction", and "a means for adjusting said bias to 
achieve desired tracking." In the absence of such, applicants respectfully submit 
that the Examiner has not met his burden under 102(b), and rejection of claims 9, 
14 and 16 on this basis is in error, and request that the rejection on this basis be 
withdrawn. 

Morse (US 3,913,813) 

Claims 1 and 8 stand rejected under 35 U.S.C. 102 (b) as being 
anticipated by Morse. (3,913,813). Examiner states that Morse discloses 
"biasing the steering roller (11) in the gimbal direction (20) through the use of 
resilient wire (61)." The axis (20) of Morse is not the gimbal direction. Morse 
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refers to (20) as a "gimbal axis." Applicants respectfully submit that the 
Examiner's construction of Morse (3,913,813) is in error. 

The Examiner furthers states that Morse (3,913,813) discloses "adjusting 
the bias (60)(70)(72)". However, the yoke/screw assembly (70)(72) in Morse 
results in a force about the caster axis (30), not the gimbal axis (20) (see Figures 
2a and 2b). Nowhere in Morse does it disclose "biasing a steering roller in a 
gimbal direction; and, adjusting said bias to achieve desired tracking". "A claim is 
anticipated only if each and every element as set forth in the claim is found, 
either expressly or inherently described in a single prior art reference" [MPEP 
2131 quoting Verdegaal Bros, v. Union Oil Co. of California, 814 F.2d 628, 631, 2 
USPQ2d 1051, 1053 (Fed. Cir. 1987). Applicants again respectfully request 
Examiner state where in Morse (3,913,813) it discloses biasing the steering roller 
in the gimbal direction, and adjusting said bias to achieve desired tracking, so 
that applicants can adequately respond. In the absence of such, applicants 
respectfully submit that the Examiner has not met his burden under 102(b), and 
rejection of claims 1 and 8 on this basis is in error, and request that the rejection 
on this basis be withdrawn. 

Morse et al (US 3,608796) 

Claims 1 and 8 stand rejected under 35 U.S.C. 102(b) as being 
anticipated by Morse et al (3,608,796). Examiner states that Morse et al 
discloses "biasing the steering roller (2) in the gimbal direction (34) through the 
use of flexure arm (40) and the U-shaped spring bracket 52." The axis (34) of 
Morse et al is not the gimbal direction. Morse et al refers to (34) as a "gimbal 
axis." Further, flexure arm (40) is used to "adjustably position the roller about 
axis 32" (column 2, lines 68-69), which is the caster axis. The U-shaped bracket 
(52) "exerts a force on flexure 40 in the direction of arrow 54" (column 3 lines 11- 
12). A force in the direction (54) would cause movement about the caster axis 
(32), not the gimbal axis (34) (see Figure 1). Applicants respectfully submit that 
the Examiner's construction of Morse et al (3,608,796) is in error. 
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Examiner further states Morse et al discloses "adjusting the bias 
(36)(44)(46). n The adjustment features Examiner refers to (36)(44)(46) are to 
position the roller (2) about the adjustment axis (32) (see column 2 lines 59-70), 
not the gimbal axis. "A claim is anticipated only if each and every element as set 
forth in the claim is found, either expressly or inherently described in a single 
prior art reference" [MPEP 2131 quoting Verdegaal Bros. v. Union Oil Co. of 
California, 814 F.2d 628, 631, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987). 
Applicants again respectfully request Examiner state where in Morse et al 
(3,608,796) it discloses biasing the steering roller in the gimbal direction, and 
adjusting said bias to achieve desired tracking, so that applicants can adequately 
respond. In the absence of such, applicants respectfully submit that the 
Examiner has not met his burden under 102(b), and rejection of claims 1 and 8 
on this basis is in error, and request that the rejection on this basis be withdrawn. 

Applicants respectfully submit that claims 1-20 are allowable as herein 
amended, and request that the amendment to the drawings and the claims be 
entered, and the rejections against them be withdrawn. 




Kathleen K. Bowen, Esq. 
Registration No. 42,352 
Attorney for Applicant 
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Examiner 
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Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 .136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

* i ^ period *° r rep,y specffied aboVB fa ,ess man (2°) ^y 5 . a re P ! y *e statutory minimum of thirty (30) days will be considered timely 

- tf NO period for reply is specified above the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U S C § 133) 

- Any reply received by the Office later than three months after the mailing date of this communication, even if timery filed mavreduceanv 
earned patent term adjustment See 37 CFR 1 .704(b). ' y 

Status 

1 )E3 Responsive to communication(s) filed on 22 September 2002 . 
2aM This action is FINAL. 2b)Q This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD 1 1 453 O G 213 
Disposition of Claims 

4) E3 Claim(s) 1-20 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) Q Claim(s) is/are allowed. 

6) IS Claim(s) 1^20 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) Q Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) Q The specification is objected to by the Examiner. 

10) D The drawing(s) filed on is/are: a)Q accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

11) 13 The proposed drawing correction filed on 22 September 2002 is: a)E3 approved b)D disapproved by the Examiner 
If approved, corrected drawings are required in reply to this Office action. 

12) D The oath or declaration is objected to by the Examiner. 
Priority under 35 U.S.C. §§119 and 120 

13) D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 1 9(a)-(d) or (f). 
a)DAII b)D Some*c)D None of: 

1 .□ Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. . 

3. D Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

14) Q Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 1 19(e) (to a provisional application), 
a) □ The translation of the foreign language provisional application has been received. 

15) D Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121 
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1) □ Notice of References Cited (PTO-S92) 4) □ Interview Summary (PTCW13) Paper No(s) 

2) U Notice of Drattsperson's Patent Drawing Review (PTO-948) 5) □ Notice of Informal Patent Application (PTO-liiT" ' 

3) |_J Information Disclosure Statements) (PTO-1449) Paper No(s) . 6) □ Other 
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Application/Control Number: 09/772, 1 77 Page 2 

Art Unit: 3654 

DETAILED ACTION 
Drawings 

1 The proposed drawing correction and/or the proposed substitute sheets of drawings, filed 
on September 22, 2002 have been approved. A proper drawing correction or corrected drawings 
are required in reply to the Office action to avoid abandonment of the application. 

Claim Rejections - 35 USC §102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

3. Claims 1-2, 9, 14, and 16-18 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Moe et al. (US 5,659,851). 

Moe et al. disclose applicants' claimed invention, specifically teaching a web tracking 
apparatus (10) and a method of web tracking adjustment, for guiding a moving 
web/photoconductor loop (12) in a predetermined path of travel relative to a stationary frame 
(84)(col. 7, lines 6-8), comprising: 

a gimbaled steering roller (14) having a lateral constraint (61A)(62A); 

a means for biasing (80) in a gimbal direction (56); 

a means for adjusting (94)(96); 

a roller shaft (59); and 

a stop (88)(col. 9, lines 2-4). 




Application/Control Number. 09/772, 1 77 Page 
Art Unit: 3654 

4. Claims 1 and 8 are rejected under 35 U.S.C. 102(b) as being anticipated by Morse (US 
3,913,813: ref. 4 in form PTO- 1449). 

Morse discloses applicants' claimed invention, specifically teaching a method of web 
tracking adjustment, for guiding a moving web (15) in a predetermined path of travel relative to 
a stationary frame (53), comprising. 

biasing (61) a steering roller (1 1) in a gimbal direction (20); 

adjusting the bias (60)(70)(72); 

mounting the steering roller to the stationary frame (53)(col. 6, lines 1-3); and 
pivoting the steering roller about a caster axis (30)(col. 6, lines 15-20). 

5. Claims 1 and 8 are rejected under 35 U.S.C. 102(b) as being anticipated by Morse et al. 
(US 3,608,796). 

Morse et al. disclose applicants' claimed invention, specifically teaching a method of web 
tracking adjustment, for guiding a moving web (16) in a predetermined path of travel relative to 
a stationary frame (14), comprising: 

biasing (40)(52) a steering roller (2) in a gimbal direction (34); 

adjusting the bias (36)(44)(46); 

mounting the steering roller to the stationary frame [see Fig. 1, where (12) mounts (2) to 
(14)]; and 

pivoting the steering roller about a caster axis (32). 
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Allowable Subject Matter 



6. Claims 3-7, 1 0- 1 3 , 1 5, and 1 9-20 would be allowable if rewritten to overcome the 
rejection(s) under 35 U.S.C. 112, second paragraph, set forth in this Office action and to include 
all of the limitations of the base claim and any intervening claims. 

7. The following is a statement of reasons for the indication of allowable subject matter: the 
prior art of record, taken as a whole, fails to disclose or render obvious a method of web tracking 
adjustment or a web tracking apparatus comprising all the limitations claimed, including an edge 
guide that is axially slidable as recited in claims 3, 15, and 19, an end two of the spring that is 
mounted to one end of the steering roller such that the spring applies a rotational force as recited 
in claims 4 and 1 1 , and a shaft that is mounted to the housing by spring flexures as recited in 
claims 7, 10, and 20. 



8. Applicants' arguments filed September 22, 2002 have been fully considered but they are 
not persuasive. Moe et al. (US 5,659,851) discloses biasing the steering roller (14) in the gimbal 
direction (56) through the use of springs (80). Morse (US 3,913,813) discloses biasing the 
steering roller (1 1) in the gimbal direction (20) through the use of the resilient wire (61). Morse 
et al. (US 3,608,796) discloses biasing the steering roller (2) in the gimbal direction (34) through 
the use of the flexure arm (40) and the U-shaped spring bracket (52). Moe et al., Morse, and 
Morse et al., all teach the pivoting of the steering roller about the gimbal axis. 



9. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1 .136(a). 



Response to Arguments 



Conclusion 




' Application/Control Number: 09/772, 1 77 Page 
Art Unit: 3654 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 .136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Minh-Chau Pham whose telephone number is (703) 305-0766. 
The examiner can normally be reached on Monday-Thursday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Katherine Matecki can be reached on (703) 308-2688. The fax phone numbers for 
the organization where this application or proceeding is assigned are (703) 872-9326 for regular 
communications and (703) 872-9327 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the receptionist whose telephone number is (703) 308-1 1 13. 

pmc 

November 21, 2002 
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DATE: January 29, 2001 



WEB TRACKING ADJUSTMENT DEVICE AND METHOD THROUGH USE OF 

A BIASED GIMBAL 

BACKGROUND 

The present invention is in the field of mechanisms for tracking moving webs. 
More specifically this invention relates to the tracking method of the film on the 
film handling system, and a means for adjusting the film tracking, in 
electrophotographic printers and copiers. 

In high speed electrostatographic reproduction apparatus, it is a common 
practice to employ an elongated photoconductive belt or web adapted to record 
transferable images while the web is moving in a path in operative relation with 
various process stations. Typically the web is supported by, and driven about, at 
least one roller. With a roller support, there is a tendency for the moving web to 
shift laterally, or cross-track, with respect to such a roller. This tendency can be 
due to manufacturing tolerances, such as the inability to manufacture perfectly 
cylindrical rollers, or to exactly mount the rollers in a web supporting system. 
Various apparatus for correcting such lateral shifting of roller-supported webs are 
known, such as crowned rollers, flanged rollers, servo-actuated steering rollers, 
or self-actuating steering rollers. Crowned rollers generally are not suitable for 
use with a web in an electrostatographic reproduction apparatus, because they 
force the web toward the apex of such rollers, cause distortion of the web, and 
produce local stresses in the web at the crown which can damage the web. 
Flanged rollers generally are also not suitable because they produce a 
concentrated loading at the edges of the web, resulting in edge buckling, seam 
splitting, or excessive edge wear. 

Electrostatographic reproduction apparatus therefore typically utilize servo- 
actuated or self-actuated steering rollers. While such steering rollers generally 
correct in a gross manner the cross-track shifting of the web, they tend to 
produce significant lateral movement of the web at an uneven rate as it is re- 
aligned. This can adversely effect the resulting image quality. 
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Another method for web tracking is disclosed in U.S. Pat. No. 4,901,903 by 
Blanding, which describes a steering roller mounted on a pivoted yoke, wherein 
the roller has an edge guide, and an edge guide adjustment mechanism. In this 
method, a light tension spring applies a force to the yoke to rotate the roller about 
a caster axis to impede aberrant lateral movement, and provide corrective action 
should it occur. This method, though useful, takes a fair amount of very limited 
space. It is also difficult to make Jine adjustments to the tracking using the 
apparatus disclosed in Blanding. 

A method and apparatus for web tracking, and web tracking adjustment is 
desired which is simple, cost effective, can more effectively use the limited 
space, and which can make fine adjustments. 

SUMMARY OF THE INVENTION 
A method and apparatus for web tracking adjustment for a web handling 
system is disclosed, comprising biasing a steering roller in a gimbal direction, 
and adjusting the bias to achieve the desired tracking. 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIGURE 1 is a side view of a web/roller system according to an aspect of the 
invention. 

FIGURE 2 is a top view of a continuous web/roller system according to an aspect 
of the invention. 

FIGURE 3 is an isometric view of a steering roller and biasing apparatus 
according to an aspect of the invention. 

FIGURE 4 is an isometric view of a steering roller and biasing apparatus, with a 
moving web according to an aspect of the invention. 



DETAILED DESCRIPTION 
The method and apparatus of the preferred embodiment will be described in 
accordance with an electrostatographic recording medium. The invention, 
however, is not limited to methods and apparatus for tracking such a medium, as 
tracking, and adjustment of the tracking for any web/roller system is within the 
spirit of the invention. 

Various aspects of the invention are presented in Figures 1-4 which are 
not drawn to scale and in which like components are numbered alike. Referring 
now to these Figures, in a closed loop web/roller system 8, at least one steering 
roller 10 is provided, that is the roller which is free to move in some fashion so as 
to "steer" the web laterally (parallel to the steering roller 10 longitudinal axis 9) to 
bring it to the desired position. One way in which a roller may move is by 
"gimballing" the roller, i.e. by mounting the roller for pivotal movement about a 
gimbal axis 6 which is parallel to the direction of linear movement of the entering 
web, and which preferrably intersects the longitudinal axis 9 of the roller at the 
midpoint of the roller. Due to functional constraints, the steering roller 10 may 
not be able to pivot exactly about an axis which intersects the longitudinal axis 9 
of the steering roller 10 at the midpoint of the steering roller 10, if this is the case 
then an axis which is parallel to the direction of linear movement of the entering 
web 2, and comes close to intersecting the steering roller at the midpoint of its 
longitudinal axis 9 will suffice for the gimbal axis 6. Another way in which a roller 
may move is by mounting the roller for pivotal movement about a caster axis 7, 
which is an axis perpendicular to the gimbal axis, which intersects the gimbal 
axis 6 upstream of the roller. A roller may be both "castered" and "gimbaled", 
which means that such a roller is able to pivot about both the caster axis 7 and 
the gimbal axis 6. In the drawings a four roller closed loop system 8 is shown. 
Besides the steering roller 10 there is also a registration roller 43 and a drive 
roller 41 which do not steer, and a tension roller 42 which moves in the caster 
and gimbal direction, and thus allows for some correction of the direction of the 



web 2. This is just an example of one type of system for which the invention is 
useful, and does not in any way limit the invention to such a system. 

According to an aspect of the invention, a method of web tracking adjustment 
for guiding a moving web 2 in a predetermined path of travel relative to a 
stationary frame 4 comprises biasing a steering roller 10 in a gimbal direction, 
and adjusting the bias to achieve desired tracking. By biasing the steering roller 
10 in a gimbal direction it is meant that the steering roller is pivoted about the 
gimbal axis 6 such that the web 2 on the downstream side of the steering roller 
10 is not perpendicular to the longitudinal axis 9 of the steering roller 10. This 
can be seen in Figure 2, which is a top view of the web/roller system 8, layed out 
flat for viewing purposes. 

According to a further embodiment of this invention, the steering roller 10 has 
a lateral constraint 12, and the bias allows the web 2 to ride against the lateral 
constraint 12 without damaging the web 2. In a preferred embodiment, the 
steering roller 10 is mounted on a roller shaft 14, and the lateral constraint 12 
comprises an edge guide which is rotatably mounted on the roller shaft 14 and is 
axially slidable relative thereto. 

In a further preferred embodiment, the steering roller 10 is biased by a spring 
20 having an end one 22 and an end two 24 mounted between the frame 4 and 
one end of the steering roller 10 such that the spring end one 22 is mounted to 
the frame 4, and the spring end two 24 is mounted to the steering roller 10, such 
that the spring 20 applies a rotational force on the steering roller 10 about a 
gimbal axis 6. This is just one means of biasing the steering roller in the gimbal 
direction, any suitable means is within the purview of this invention. 

According to an aspect of the invention, a means for adjustment is 
accomplished by applying a pre-load to the spring 20 to achieve the desired 
tracking. One method for applying this pre-load is by attaching a mounting nut 
26 to the spring end one 22, and threading a mounting screw 28 through the 
frame 4, such that the mounting nut 26 is threaded onto the mounting screw 28 
to apply the desired pre-load on said spring. There are many ways to apply pre- 
loading on a spring, and many means for adjusting the pre-load on a spring other 




than the method disclosed, all such suitable methods are within the purview of 
this invention. 

Accordjng to a further preferred embodiment of the invention, the web 
tracking apparatus further comprises a housing 5 and spring flexures 30. The 
5 housing 5 is pivotally mounted to the frame 4 such that the housing 5 pivots 
about the gimbal axis 6. The steering roller 10 is mounted on a roller shaft 14, 
which roller shaft 14 is in turn mounted to the housing 5 by the spring flexures 30, 
such that the spring flexures 30 allow the steering roller 10 to pivot about the 
caster axis 7, while the housing 5 allows the steering roller 10 to pivot about the 
10 gimbal axis 6. 

This invention is a useful means of controlling and adjusting the tracking on a 
web/roller system. This invention is also useful however, when used in 
conjunction with a self-adjusting method of control, such as the feedback control 
described in U.S. Patent No. 4,961,089, by Jamzadeh, which patent is hereby 
15 incorporated by reference. 
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We Claim: 



1 . A method of web tracking adjustment for guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction; and, 
adjusting said bias to achieve desired tracking. 

2. The method of claim 1 wherein said steering roller has a lateral constraint, 
and said bias allows the web to ride against said lateral constraint without 
damaging the web. 

3. The method of claim 2 wherein said steering roller is mounted on a roller 
shaft, and said lateral constraint comprises an edge guide which is rotatably 
mounted on said roller shaft and is axially slidable relative thereto. 

4. The method of claim 2 wherein said steering roller is biased by a spring 
having an end one and an end two mounted between the frame and one end of 
said steering roller such that said spring end one is mounted to said frame, and 
said spring end two is mounted to said steering roller, such that said spring 
applies a rotational force on said steering roller about a gimbal axis. 

5. The method of claim 4 wherein said adjustment comprises applying a pre- 
load to said spring to achieve desired tracking. 

6. The method of claim 5 wherein said spring is mounted to said frame by 
attaching a mounting nut to said spring end one, and threading a screw through 
the frame, such that said mounting nut is threaded onto said screw to apply the 
desired pre-load on said spring. 

7. The method of claim 1 further comprising a housing and spring flexures, 
wherein said housing is pivotally mounted to said frame such that said housing 
pivots about a gimbal axis, and wherein said steering roller is mounted on a roller 
shaft, which said shaft is in turn mounted to said housing by said spring flexures, 
such that said spring flexures allow said steering roller to pivot about a caster 
axis, while said housing allows said steering roller to pivot about a gimbal axis. 



8. The method of claim 1 wherein said steering roller is mounted to said 
stationary frame in such a manner as to allow said steering roller to pivot about a 
caster axis. 

9. A web tracking apparatus for a guiding a moving web in a predetermined 
path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint; 

a means for biasing said steering roller in a gimbal direction; and, 

a means for adjusting said bias to achieve desired tracking 

10. The apparatus of claim 9 further comprising a housing and spring flexures, 
wherein said housing is pivotally mounted to said frame such that said housing 
pivots about a gimbal axis of said steering roller, and wherein said steering roller 
is mounted on a roller shaft, which said shaft is in turn mounted to said housing 
by said spring flexures, such that said spring flexures allow said steering roller to 
pivot about a caster axis, while said housing allows said steering roller to pivot 
about a gimbal axis. 

1 1 . The web tracking apparatus of claim 9 wherein said means for biasing said 
steering roller in the gimbal direction comprises a spring having an end one and 
an end two mounted between the frame and one end of said steering roller such 
that said spring end one is mounted to said frame, and said spring end two is 
mounted to said steering roller, such that said spring applies a rotational force on 
said steering roller about a gimbal axis. 

12. The web tracking apparatus of claim 1 1 wherein said means for adjusting 
said bias comprises applying a pre-load to said spring to achieve desired 
tracking. 

13. The web tracking apparatus of claim 12 wherein said spring is mounted to 
said frame by attaching a mounting nut to said spring end one, and threading a 
screw through the frame, such that said mounting nut is threaded onto said 
screw to apply the desired pre-load on said spring. 

14. The web tracking apparatus of claim 9 wherein said steering roller is 
mounted on a roller shaft. 



15. The web tracking apparatus of claim 14 wherein said lateral constraint 
comprises an edge guide which is rotatably mounted on said roller shaft and is 
axially slidable relative thereto. 

16. The web tracking apparatus of claim 9 further comprising a stopping means 
for preventing said steering roller from rotating too far in the gimbal direction. 

17. A method of web tracking adjustment for guiding a photoconducter loop in a 
electrostatographic reproduction apparatus on a predetermined path of travel 
relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction; and, 
adjusting said bias to achieve desired tracking. 

18. The method of claim 17 wherein said steering roller has a lateral constraint, 
and said bias allows the web to ride against said lateral constraint without 
damaging the web. 

19. The method of claim 18 wherein said steering roller is mounted on a roller 
shaft, and said lateral constraint comprises an edge guide which is rotatably 
mounted on said roller shaft and is axially slidable relative thereto. 

20. The method of claim 17 further comprising a housing and spring flexures, 
wherein said housing is pivotally mounted to said frame such that said housing 
pivots about a gimbal axis, and wherein said steering roller is mounted on a roller 
shaft, which said shaft is in turn mounted to said housing by said spring flexures, 
such that said spring flexures allow said steering roller to pivot about a caster 
axis, while said housing allows said steering roller to pivot about a gimbal axis. 
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ABSTRACT 



A method and apparatus for web tracking adjustment for a web handling 
system is disclosed, comprising biasing a steering roller in a gimbal direction, 
and adjusting the bias to achieve the desired tracking 
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[57] ABSTRACT 

An apparatus useful for passively steering an endless bell 
toward a lateral target bdt position while the endless belt is 
transported by a transporting mechanism. A steering roller 
<vMi| ^ t (he hrft innw surface, the «*Mrtng roller being 
rotataMe about a roller axis and being pivotahle about a 
steering axis, and the steering nulerhavmg a first roller end. 
A carnage stmports the steering ro ller and fcpivotable about 

n «*m»ring aria mgh thirf rftr. starring rotler itt pivr*ahlr. »hont 

the steering axis. A first member is positioned adjacent to the 
first roller end and functionally connected to the carriage. 
The first member contacts me belt inner surface when the 
first bdt edge extends sufficiently beyond tte 
The first member applies greater friction to the endless belt 
than the « tiw rP T> g roller when the belt contacts the first 
member, The first member is positioned relative to the 
steering axis such mat contact between n^fim member and 
the belt causes the first iiitjuIjcj to apply a first torque to the 
carriage means about me steering axis. 
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AH*ARATOS AND METHOD FOR STEERING moving the inner back-up roller complicates me ability of 

AN ENDLESS BELT mat mechanism to apply continuous nip pressure. 

Another approach for steering involves me use of one or 

FIELD OF TUB INVENTION more flaredrolkrs to cause higher tension on one edge of me 

n.^ni Mm t,'m M it: MM i^i a ^ * 5 belt Geatmg higher tension on one edjge can cause me other 

fJi^^ ^.1^^ and n^ethods co^ VbTtm^^ or less ported which is not 

fLSS? 1 J^L^ tmn^ mectensm and more m pasfkaa[ g^o^^^^o^j^^ 

mgabeltwMnn atinnqKntxnechanknL thebdL « w »w«.wuiwu«iuuau US j CW 

BACKGROUND OF THE INVENTION 10 Another approach far maintainin g the position of me belt 

involves rollers having end flanges or other end structures 
Endless belts are known to be useful for continuously which can contact me edges of the belt However, this 
• transporting a material from one point to another An endless approach can damage the edges of particularly susceptible 
beltis positioned around a set tfrolto belts. 

mnrhanism , at least one of me rollers being driven to IS Another known steering approach involves actively ccr- 
transport the belt around a transport loop. The rollers can be recting the position of me belt on the rollers. Active correc- 
canmever-supported, that is, each roller is being supported tion systems include senmns, *etmtm t ami«wtml r yxtm* 
at only one end such that the endless belt can slide over the mat can add to me cost and me space requirement of the 
unsupported end for removal and replacement More steering anMectnre. 

typically, me rollm are s 20 There is a need for a steering approach which is cost- 

end support on each of the rollers is removed when the effective and space-elective. In addition, mat steering 
endless bdt is installed; replaced, etc, approach should work without the need for end flanges or 

An endless belt can be of a long, flexible strip of material flared rollers. Furthcrmm^ thai ste ering appmarh fr> 
: m which the two eiids are jciii^ work even if a portion of the belt is nipped between two 

belts, seaming includes stftrhtng me two ends together. For 25 rollers. 

SUMMASYOPTHBINVBOTKJN 
seaming isdodc the use of adheswes and mechanical joints. The present invention involve* a steering apparatus and 
nich as zippers. method which fill this need. One embodiment faring an 

Aspecffic*Jrydes^e*flessbefc^ 
etoarcphotopaplik tauten lateral target belt position range while the endless belt is 

image when oq>osedto m iinagi>^p **^u*KmtemAMb*<^T**p& 

atoning station which applies toner to the belt Tbctoner is 35 ^f^^^ a ^^ ff ^"triage snorts 

: me toner takes on sabahun^Tme p»itenf«7 ^^J*^*™**. ». ******* * b ° Ut 5" 

created by me inn^wisTpanen. of light (Le7a toned ™*V A ^J™?* 1 * V 0 *™™? *e 

image^thebeZ^me^imagl^n^ene^ g SSlS^ ^T^ZF***^ 
atraTsf<*stattonto,te 40 ^^nienilw contacts me bdt inner surface when the 

statically "erases" rarmants IrrTp^oasfy crcatedX Tf^ T^^^f^*^*^™ 
trostatic image. Farther rotated, me beh can be charged to . ^SL^ -l™^** mc ** 

potentially prepaies&ebett to capture a imbseoiint njcmber. The first member is positioned rdative to the 

expose, tone, transfer, erase, chanje, . . . ). . . . 

n m ~~ . i. ._ZZL_i „j«. „ . Another embodiment of the present invention includes an 

n^I^^TfcSSJ^^fJSffl^^ » which h^alxitimersurfKxandafirst bdt edge.Addve 
^t^t^^^^T^^^ roIte COntacts me cndleS8 bdt A beovtteering system 

matmal being transported must be transported to a very indudes a steering niter which cotnTutemTbdt inner 

SPK ^^° IL 1> ^^f aS ^ to ^ surface. The^eering roller has a first roller end.l£ 

whe^«m«^^^^ to j^ „ rrr r^?^ ^ e ^r^ 

~J~f~. k ^ stecaing axis. The bcit^steering system also includes a first 

Designed to canect or counteract mc diii^ of me belt, member positioned adjacent to the first roller end and 

known steering mechanisms have proven to be ineffective, functionally connected to the carnage. The first member 

cost-prc&ibitive, space-prohibitive, or a combination « contacts the belt inner surface when the first belt edge 

thereof. One known steering approach mvoives b<mdingme extends sufficiently beyond me first roller end. The first 

belt in the plane in which the belt travels. For wider and member applies greater Iriction to the endless belt man the 

stiffer belts, this approach can be ^effective. steering roller when the bdt wmtacts the 1^ nicmbai Tte 

Another known steering approach involves moving all of first member is positioned relative to the steering axis such 

the rollers. However, for transport mechanisms which 65 mat contact between me n^nMmber and the belt causes the 

involve applying nip pressure to me belt* for example by an first mem ber to apply a first torque to me caEonge m^fln^ 

outer pressure roller and an inner back^ Killer, steering by about the steering axis. 
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Another embodiment of the present invention includes an 2 includes a charging system 3, an exposure system 4, a 

ciectrcyhotogtaphic system. This system incinrtrs an endless development system 5, a transfer system d» and a belt 

belt which has a first belt edge, a belt inner surface, and a steering system or apparatus 10, which inch K»fg an endless 

belt outer surface. The belt outer surface includes a photo- belt 12. 

^^L^^a^^^2^^^^^^ 5 The endkss belt 12 includes a pbxftcraptive substrate 

cep^csttetia^ wftcfa ^ te ctatrostaticaiiy cha^bytoc charmng 

cepuve substrate to at least one image-wise pattern of ^^J^^^t^ V. j^T u TZfiuf 

radiation whkh creates at least one electrostatic Timage on syst™3.Ttec^ 

the j**oreceptive substrate. A development systern^vd- sat^ofttet«^^ 

ops the at least one electrostatic "img* to an at least one iaoiaxion wmdl creates at least one electrostatic image on 

toned image. A transfer system transfers the toned image to 10 mc pnotareceptive substrate. The devdopmcnt system 5 

arcceptonAbeh-^teeiing system ste^ develop the at least one electro 

a steering roller which the belt in»er surface. The toned image by applying a toner to the photoreceptive 

«*~™g "dfrr ha? n first rnllrr end. Thr bdt steering system substrate of the belt 12. 

includes a carriage for supporting the steering roller. The The temi 'loner* is genetically used to mean a material 

caTriagr is pivutabk about a steering axis such that the 15 such as a dry or powder toner or a liquid toner. E Is «i«mt 

steering roller is pivotablc about the steering axis. The to be sufficiently gene^ 

beh^teering system indndes a first member positioned in the industry as M developers. w A preferred exanxple of the 

adjacent to the first roller eiri however, |g me uq^d toiler specificalxy covered in a 



the carriage. The first monher contacts the hdt Inner mfitfir 



pending ILS. patent application which is trf^nrifiM as 3M 



wlra the fim belt edge extend 20 Docket No. S2069USA&A filed by 3M Company, entitled 

rouer end. The first inember applies greater faction to the « lrmM TnW TTc5fSW A r^/w' « i \ m« 

eudless belt than the stc^i^v^exi tte bdt contacts ^HS^"? SSL t * 

the first inember. The fim member is positior^ agfeation is hereby mcorporated by rtf etence, 

the steering axis such mat com "Hie transfer system 6 transfers the toned image to a 

and the belt causes the first inember to apply a first torque ^ nceptor 7. Exam ples of a relevant endless belt and a 

to the carriage about the steering axis. relevant electrophotographic system are described in greater 

Another exrt>odraenttf detail in a pending patent application filed Sep. 29, 1995, 

method useful for an endless belt toward a tat***! assigned to 3M Company* designated as 3M Docket No. 

target belt position whue the endless belt is transported by 5 1325USA4A, entitled **A Method and Apparatus for fto- 

a transporting mechanism. The endless heft Ibm * trit inner dndnga Mnlfl-Color Image In an lflectiotfeotogiapltlc Sys* 

surfaceandafirstbeh edge. The i^ tern** (Kellie et aL). This pending patent application is 

providing a steering roller which contacts the belt inner hereby incorporated by reference, 

sffifoce, The steering rouer has a first roller end and is Though useful for steering the endless belt 12 within die 

rrtatablc about aroto efcctrophctcgptt^ system 2, the apparatus 1* shown in 

S n flfJT^ i^?u? ^^■^■■ < ? C -c FIGS. 1-4 is useful within a variety of other endless belt 

Sml^lncm^S^ anfc-OJ^^ 

connected to the carnage. The first member coutam the txlt ™T 77 ^r* TT J? 

inner surface wbWte first belt edge extends stmldemiy ainumber^ 

beyrodtlteilm roller end 40 ™ apparatus 16 is capable of passrvely controlling the 

faction to the endless belt than the steering roller when positionof thebeh 12wh» 

«««tfnr*gii g the endless belt «ncin g the endless belt to apply DOm ^ ciwkwise and counteMoclewise directions, as per 

a first torque to the carriage about the steering axis. ^ P^peclive of FIG. 1. 

BRIEF DESCRIITION OF THE DRAWINGS When the belt 12 is acted upon by a force which causes 

xUUcr UlaatZur I 1UN Ur THE DRAWINQS ^ fa ^ U to „ latenflly on the steering rcte 

The foregoing advantages, construction, and operation of 14, the ap p a r atu s 10 can stop the lateral motion and can 

fee present invention wiU become more readily apparent cause the belt 12 to move laterally tmry toward the target 

ficmtheiollowiiigcfe^ belt position. The term "target belt position" 

FIG. 1 is a front view of a belt transporting rnechanism p*****"^ i«tw»i r**M»mn, m thg rt«erf ng rottc i& «* * 

whkh mcludes a steering apparatus in accordance with the x position range on the roller 14. The target belt 

present invention; position can be the position where the belt 12 is roughly 

FIG. 2 is an isometric view of the steering a pp ara t u s centered on the steering roller 14, but this is not necessary, 

shown in FIG. 1; FIG. 4 shows the belt 12 being posidenedm the left c^cemer 

FIG. 3 is a front view of the steering apparatus shown in relative to the steering roller 14, possibly due to the appli- 

HGS. 1 and 2; S3 cation of a lateral force on the belt 12. 

FIG. 4 is a right side view of a portion of the steering The endless belt 12 has an inner belt surface 18 and an 

apparatus shown in FIGS. 1-3; outer belt surface 26, a first belt edge 22, and a second belt 

FIG. 5 is aright side view of an alternative embodiment 24 On the belt outer surface 20, the endless belt 12 

of the portion of the steering apparatus shown in FIG. 4; and includes means for electrostatically capturing an image 

FIG. 6 is an isometric view of another enxxxliment of a ® corresponding to an image-wise pattern of radiation. 

hrft tratijcpnrtmg nw4in^e|p in cluding anntfiw w nhndhnwit TltC belt 12 is shown wiilrtCtfng a tKimber of rollers Which 

of the steering apparatus shown in FIGS. 1-4. constitute the ttanspoctmg mechanism 16. The belt Inner 

^^^^^SSS^^^^^ including the stceri^ 26, and two 

EMBODIMENTS ^ 5,3^^ mllm 28, The dri ve rolta 26 is corrected to a 

An embodiment of an electrc^otogta{xuc system 2 is drive ra***wmcm (not shown) which drives the endless belt 
generally shown in FIG. 1. The electrophotographic system around the transport loop created by the inner rollers. The 




5,659,851 

5 6 

stabilizing rollers maintain the position of spans 30 of the wtrfdtisajgxarimflfdythc 

<mjnft 8s the outer diameter of the 

belt 12 which may be necessary to the imaging process steering roller 14 The belt 12 is shown as having moved 

within an electrophotographic apparatus (or other laterally to contact the member 6L r>K to me transport 

apparatus). direction of the belt (indicated by arrow B) and due to the 

The belt outer surface is shown as contacting an upper nip * position of the first member 61 relative to the steering axis 

roller 31 and a lower nip roller 32, components of the 56* Arrow T indicates the direction of the torque that is 

traiisicr system 6. The in^»a^ applied by me belt 12 to the carriage 70. TTie creation of this 

apply nip pressure to the belt 12 to transfer toner from the Usque is described later within this disclosure, 

belt 12 to the upper nip roller 31. Within an imagmg FIG. 5 shows another embodiment of the first and second 

apparatus) gucfa as the cleciiuplHiUiy apuic apparatus 2, sdH to members <fl a, £2a Tn thfe «nhnrf*m«it riw fir** jtwrf «y^n4 

other rollers (not shown) can «>r^ me beUmner and outer members 61A, 62A are frustoconkal in shape, rather than 

surfaces 18, 20 and can apply nip pressure to the belt 1Z cylmrMcal The outer diameter of the first and second 

Uneven nip pressure, Hfce belt non-squareness and roller members 61A, 62A adjacent to the steering roller 14A can 

misaHgmnent, can cause the belt 12 to walk laterally on the be smaller than the om^ diameter of the steering roller 

iriner rollers. is such that the belt first and second edges 22A, 24A do not 

The endless belt 12 can be relatively inelastic and rem- contact this portion of the first and second members 61A, 
tivety wide and still passively steered by the apparatus 10. 

One embodiment of the belt 12 is polyester film-based Because of the fmstoconical shape, the outer <K»iw**r of 

(0.004-inch thick: (aOlO-certfmeter)). The dia ii i ifa cncc of the first and second members 61A, 62A at the opposite end 

the belt 12 is between appwuiin ately 24 and 40 inches 20 of the n^ and second members 61A* 6 larger than the 

(approaUmately 61 and 102 centimeters). The width of the outer diameter of the steering roller 14 Consequently, the 

belt 12 is between apprnrimatrly 9 .5 and 14 inches belt 12A contacts me first member 61A or the second 

(araatodmatc24and36 c entiu ie ta sXThewidm of mcbclt member 62A after soffia>ai^ 

12 can be the same as the width of the steering roller 14, end 50A or the second roller end 52A. respectively. This 

although it could be narrower or wider. The belt lengm-to- 25 minimis* rti* rh» iw nf Wrt^ ffrfr Mt fdgf 22A 

width ratio is typically between approouniately 25 and 3.5. or the second belt edge 24A coiitacting and being damaged 

Ihe modulus of the belt 12 is approxmiately 450,000 pounds by the vertical face of the first member 61A or the second 

per square inch (3.1x10* Newtons per square meter). rnember 62A, respectively. In *Mfr»"n\ the increase in the 

Thft giftftring mllw id tartrate » miiw «f ^ n outer diameter of the first and se<^ meirdjers ^lA,62Aii 

mflw ggmiMt Mid n Thft rfftmng Traw id 4mm in PKj 30 fc^pt siifflrieraiy small to not create a high tension on the belt 

2 as being cyiindrieal in shape anA rotatable about a roller edges 21A T 22A f thereby firitw mintmiying riw rh»nr*g nf 

axis 54, and being pfvotable about a steering axis 56 and damaging the belt 12 (Le^ avoiding the problem caused by 

about a tension-balancing axis 57. The roller axis 54 is a flared steering roller). 

shown as behugpcrpendinilnrtoto 56 and the FIG. 5 also shows the belt 12 as having moved laterally 

tension-balancing axis 57. The roller axis 54 is shown as to contact the second member 62A and as being transported 

intersecting the steering axis 56 (coplanar), but not inter- in an opposite direction to that shown in FIG. 4. Due to the 

secting the tension^nlancing axis 57 (non-coplanar). This transport direction B of the belt 12 and the position of the 

relationship of the axes 54, 56, 57 may be referred, but second member 62A relative to the steering axis 56, arrow 

other relationships are envisioned ^ T shows the direction of the torque applied by tie belt 12 to 

Thft growing mlfw Id la Awn ** inrfmttng mwrg than «n*» the Carriage 70. 

cylindrical collar 58 which ride and rotate on an internal FIDS. 4 and 5 each illustrate an embodiment which is 

dead shaft 59. While the steering roller 14 can be made of capable of steering the belt 12 when the belt 12 is forced to 

one cylindrical collar 58, a plurality of collars 58 results in either tideof the steering roller 14. fa 

reduced rotational drag being applied to the belt 12 by the 4S also illustrate that these embodiments are effective when the 

steering roller 14 when the steering roller 14 pivots sufhV belt 12 is transported in either direction by the transporting 

dentfy about the steering axis 56. Another embodiment of medwm'sm 16. This can be iinpertant for systems which 

the steering roller 14B (shown in FIG. 6, and discussed require the belt 12 to reverse directions. 

further below) could include a single rotating* cylindrical The first and second members 61, 61A, 62, 62A can be 

member Which is Supported at its ends With roller bearings 5Q made of a wflfltfvftly high frirhVm in»twfa1 nr Inrlnrlft a high 

60B. friction material on the surface which contacts the belt 12. 

A first nxmber 61 is positioned adjacent to the first roller Examples of such a material is black el^^ 

end 50 and a second member is positioned adjacent to the 3M Company, St Bui, Minn.) and lygcn-brand tnbing 

second roller end 52. As shown in FIG. 3, the first member F-4040-A (made by Norton Performance Plastics 

61 contacts the belt inner surface when the endless belt 55 Corporation, Akron, Ohio). 

moves or walks from the target beUposMon and nie first belt In FIGS. 1-4, a ramrngp. 70 is shown supporting the 

edge 18 extends sufficiently beyond the first roller end 50. steering roller 14 and the first and second members €L 62 

Conversely, the second member 62 contacts the belt inner allowing the steering roller 14 and the first and second 

surface when the endless belt moves or walks from the target members 61 to pivot on the steering axis 56. The carriage 7t 

belt position and the second belt edge 26 calends sufficiently go is shown in FIGS. 1-4 as including a carriage first end 

beyond the second roller end 52. The inclusion of both the member 72, carriage second member 74, carriage «m ff r 

first and the second members 60, 62 allows for a bi-lateral member 76, and a carriage pin 78. The carriage pin 78 

belt steering capability. Another embodiment of the appa- having a longitudinal axis about which it rotate, the 

rams 10 could mrlurting only one of the two members 66, 62 longitudinal axis being the steering axis 56. 

and allow for a unilateral belt steering capability. 65 Flat springs 80 are shown in FIGS. 1^ being attached to 

FIGS. 2 and 4 show the first and second members 61, 62 the carriage 70 and being biased against extendnig members 

as being cylindrical in shape and having an outer diameter S2 which extend from a snpport hlockftd. The fiat sprin g s ft* 
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resist the pivoting of the carnage 7# and the steering roller steering farce balances with the walking foicc Because the 

14 moand the steering axis 56, and walking force may not be constant the stable pivotal posi- 
70 to a particular position on the steering axis 56. Other tkm may also not be constant Consequently, the steering 

pivot resisting means, soch as other spring types, could be roller 14 may occasioiially ox continually adjust to counter 

employed in place of the flat springs 89. 5 the walking force, 

The support block 84 can be attached and stationary The prcviou paragraphs refers 
relative to the larger apparatus (not shown) of which me toward the first member 61 (like that shown in FIG. 4). 
APtmahtt 16 is apart Ajouraal beating 86 is located at the However me same result is brougto 
o^uxunate center of me support block 84. The journal makes sufficient contact wim the second member 62 (as is 
bearing 86 constrains the carriage pin 78, bat allows the 10 shown in FIG. 5). The belt 12 wfll dag on me second 
cazriage pin 78 to rotate about the steering axis 56 and member 62 causing the second member 62 to move down- 
translate axialry on the steering axis 56. The c^^ wardlyrelatrvetomem^inembcr61 causing the steering 
aia di a l bearing (not shown) anda linear bearing (not shown) rolier 14 to pivot (in a clockwise direction from the per- 
cooMte used mpdace erf tiiejoum^ specrive provided by FK}. 4). The steering roller 14 will 

The steering roller 14 can be onollgmed to spfa freely (or 15 pivot to a stable pivotal position similarly to that described 

spin with relatively little friction) about the rolkr axis 54. above. 

The first member 61 and the second member 62 can be For the steering roller 14 to steer the belt 12. the belt 12 

configured to be noMotating abom roller axis 54 (by must be under sufficient tension. The apparatus 10 provides 

j*ing, for example, attached to me dead shaft wim a set means for applying the adequate tension to me belt 12 and 

screw). Qt, the first and second member 61, 62 can be 20 manna for haling ft r frmnhn ftcrag the uidm of the belt 

conflgnre<l to spin wm^ signffl c apt ry more 12 even when me steering roller 12 is pivoted from its 

steering roller 14. Consequently, me first and second mem- neutral position. This tension-balancing meanc also com- 

bea 61, 62 apply greater friction to the belt 12 when pensates for roller inisahgiment and belt non-squareness. 

< ^^^^ n ^ to ^^^^^ ro ^ Theteastoihbalm 

steering roller 14 25 which ^ dic^posmcotedaioiind the pin second end 9* (the 

As a result, when the belt 12 walks lateralfy over the pin first end 92 adjacent to the caxxiage center member 76) 

steering roller 14, far example, such that me first belt edge and compressed between a face of a teasroi^adjusting disc 

22 extends beyond me first roller end 50 and contacts the 94 and a tendon^easing cam 96. The tenaoa*eJeasing 

firt member 61 ttebehttwffl drag on cam 96 is rotatable about a cam pin 98 from a tension- 

and appfy a frictioaal force to me first member 6L Due to engaging position to a tensioo-ieleasing position. This 

the position of furtmem^ enables a user to quickly engage or release the tension 

56andd^tomecorecrionof me fricrionalfcoeeonmefirst applied by the coil spring 88. A washer 190 is shown 

member 61, the belt 12 applies a pivoting tonme to the 5 between me tension-releasmg cam 96 and the coil spring 88. 

aa ^^$^^f rri l nB **** When tberavctiiui torque The tenrica^jnsting disc is internally threaded and 

P^*5^* ^ matMtoaacxtc^ 

tte^rtage 7# and the steering roller 14 wM pivot about the eed90.Tlietei 1 sioi W ^i K ting disc^can teio^ a^md 

rtee^axfe«(mac^ me^seeondend Wtolo^^ 

£^^^^!^L£^^ t^teoriomiigfct^ 

Whenthe^l2ist^^ pm 78 toward the steering icdfa 
fee perspective prodded m EKS. 1). Base4 on this belt ^ propc^of^ to 

(firectioii and from the perspective provided by FIG. 4, the mmpmH 

^^^^f^^^^ioltc The pin first cad 92 is shown connected to a carriage 

a ^km^mTZZ « . „^ cwnjHng member 1« which li positional atound a portion 
A suffiaently large pivoting torque would be a toque „ of the carnage center member 76. Aligned hole* mrough 

'^&*£2&* t »! n ~- m l^'^*** both the carriage coupling member lMand the aoriage 

pivota* mt±idmg thet^ due to the flat springs 80 and center member 76^£wa coupling pin 1M to Wtotte 

ftere^tance of the belt 12 to stretch (U., beU isodulus). carriage coupling member IW^ca^gTcemermem! 

The a 1 ffic^y large mvc^tccqpew^ bulltoc&u^oEltecaaBtazfalManbcswhlbat 
TO to ««^toprvot untfl the sufficiently large pivoting a itispressfltwithmmehcdekmTcairiL coarXiiig member 

the sttetch resistance of the belt 12 (and any other pivot mat cmriage cote niemlw 76 (and thiltwxing roller 14) 

re ™~ e> ; can rotate about the axis of the carriage coupling pin 104. 

When pivoted and mimligntd relative to the other rollers that axis being the tensioning .rrjg 
contacting the bdtjnner surface^ the steering roller 14 » As a result of this ability to rotate about the tensicn- 

i^a^^^aaM^^affduxtbRitlt balancing axis 57. the steering rote 14 can pivot in a 

^L^ft^^^^ t^ 0 * 0 *- ^ horizontal plane (per FIG. 1-4) when the steering roller 

magmtnde of the steering force is ^ to the degree to pivots in uTvcrtel plane about the stee^SlTs* 

^.^S^n 11 i,l P ^f- ^ dt U Cot.se^tly.thetensiD^farce aeatedbyTcoil spring 
OMtinuetowalklater^ «, 88 is balanced across tbJvridm of the steeri^ roller 

SiT^™^^"^-^^"* "-^townliioutingto 

~lL"^Kr ^J?Z?? bBg * l fmm Wt "T coil spring 88 coSL to me^^SSeScL 

somueness. roller misalignment, and/or uneven nip When mebdt 12 drags on the first or second^m^ «U« 

**^T „ . £ . and caiises me steering rcdler 14 to piv« rathe steering axis 

ffmewaBd^forcecontimiestobeapplW 65 56. the coil spring 88 is compressed further. aTS S 

J* ^ M will come to a spring 88 is c^Lsed fZeTmT coFs^gTha^ 

stable pivotal poshon on the steering axis 56 where the greater potenMenogy and apinles a grea^^tofli 
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carriage 70 increasing me tension within the belt 12 (which 
increases the potential energy). Consequently, the coil spring 
88 should be considered another means for resisting pivoting 
of the steering roller 12 about the steering axis 56. 

FIG. 6jQustxates another embodiment in which the steer- 
ing ability and the tensioning ability are split into two rollers 
rather than relying only on the steering roller 14B. In mis 
embodiment, the steering roller 14B has the ability to pivot 
about the belt steering axis 56B. A tension roller 106B 
adjacent to the steering roller 14B includes two ends which 
can be independently biased against the belt 12B to maintain 
tension across the belt 12B even when the steering roller 
14B pivots about the steering axis 56B. Coil tension springs 
108B are shown biasing the tension rolkr 106B against the 
beU12B. 

Many other configurations of the apparatus 10 ace envi- 
sioned to provide similar results. For example and as pre- 
viously mentioned, the apparatus 18 can be used in a 
unilateral steering capacity. That is, the belt 12 conld inten- 
tionally be driven to one side of the steering roller 14 by 
canting an adjacent roller (such as one of the «*»KtH^t. g 
roller 28 shown in FIG. 1). This would require the steering 
apparatus If to steer me belt 12 only in one direction, which 
can be a means fa simplifying the steering apparatus 16. la 
addition, the belt-tcnsioning means could include* for 
example, an air-cylinder rather thane? in addition to the cc& 
spring. The air-cylinder could also be used in place of the 
tensioning-release cam, Accordingly, many other variations 
fall within the scope of this invention. 

WecUim; 

1. An appniatns useful for maintaining an «ntlcy$ belt 
within a lateral target belt position range while the endless 
belt is traraported by a transporting mediintgm t ffy> <-g*flfra 
belt having a belt inner surface and a first belt edge, me 
apparatus conip rf^n gt 
a steering roller contacting the belt inner surface, the 

steering roller having a first roller end; 
carriage means for supporting the steering roller, the 
carriage means being pivotabic about a steering axis 
such that the steering roller is pivotable about the 
steering axis; 

a first member positioned adjacent to me first roller end 
and functionally connected to the carriage means, the 
first member contacting the belt inner surface when the 



10 

such mat the steering roller is pivotable about the 
; and 



to 



15 



20 



30 



35 
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a first member positioned adjacent to the first roller end 
and functionally connected to the carriage means, the 
first member being cylindrical and non-rotating, the 
first member contacting the belt inner surface when the 
first belt edge extends sufficientry beyond the fi^ roller 
end, die first member applying greater friction to the 
endless belt man the steering roller when the belt 
contacts the first member; and the first member being 
positioned relative to the steering axis such that contact 
between the first inember and the belt causes me first 
member to apply a first torque to the carriage means 
about the steering axis. 

3. An apparatus useful for maintaining an endless belt 
within a lateral target belt position range while the endless 
belt is transported by a trangpnrring mftrhgnlcm ) tty» ynrflftgK 
belt having a belt inner surface and a first belt edge, the 
apparatus cornp pftfay 

a steering roller contacting the belt inner surface, the 
steering roller having a first roller end and comprising 
at least one steering cylindrical coOar which is rotatable 
about a stationary shaft; 

carriage means for supporting die steering roller; the 
carriage means being pfvotabie about a steering axis 
such that the steering roller is pivotable about the 
steering axis; and 

a first wwnhw positioned ***)TfPt to the find- roller end 
and functionally connected to the cflrrfrgf means, the 
first m*mh*r contacting the belt inner ffl ff fcfif when the 
first belt edge extends sufficiently beyond the first roller 
end, the first member applying greater friction to the 
endless belt man the steering roller when the belt 
contacts the first member, and the first member being 
positioned relative to the steering axis such that contact 
between Che first member and the belt causes the first 
mentin to apply a first torque to the carnage means 
about the steering axis. 

4. The apparatus of daim3, me steermg roller comprising 
between two and six steering cylindrical collars. 

5. An apparatus useful for maintaining an endless belt 
within a lateral target belt position range while the endless 

heft ic tramp«to<i fay a tra ut pnrtin g mMiinkm fhf* i»nHl^cc 



first belt edge extends sufh^nllybeyoiMi the first roOer ^ belt having a belt inner surface and a first belt edge, the 



end, the first member applying greater friction to the 
endless belt than the steering roller when the belt 
contacts the first member, the first member being 
positioned relative to the steering axis such that contact 
between the first member and the belt causes the first 
inember to apply a first torque to the carriage means 
about the steering axis, the first member being config- 
ured such mat first torque is sufficient to cause the 
steering roller to pivot around the steering axis; and 
pivot-rosisting means for resisting the pivoting of the 
steering roller about the steering axis, the pfvot- 
resisting means being functionally connected to the 



2. An apparatus useful for maintaining an endless belt 
within a lateral target belt position range while the endless 

hrft is transpnrted hy * transporting mfcflflm>m t HldlcS!? 

belt having a belt inner surface and a first belt edge, the 
apparatus comprising: 
a steering roller contacting the belt inner surface, the 

steering roller having a first roller end; 
carriage means for supporting the steering roller, the 
carriage means being pivotable about a steering axis 
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a p paratus comprising: 
a steering roller contacting the belt inner surface, the 
steering roller being cylindrical and having a first outer 
diameter and a first roller end; 
carriage means for s up po rtin g the steering roller, the 
carriage means being pivotable about a steering axis 
such mat the steering roller is pivotable about the 
steering axis; and 
a first member positioned adjacent to the first roller end 
and functionally connected to the carriage means, the 
first inember contacting the belt iniier surface when me 
first belt edge extends sun^cienliy beyond the first roller 
end, the first inember applying greater friction to the 
endless belt man the steering roller when the belt 
contacts the first member, the first member being 
positioned relative to the steering axis such dial contact 
between the first member and the belt causes the first 
inember to apply a first torque to the carnage means 
about the steering axis, the first member being gener- 
ally fhistoconical and having a first member first end 
and a first member second end, the first member first 
end being adjacent to the first roller end and having a 
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second outer dirtmirr, &e first member second end 
having athhrimrfw MamMe? hm> ^ onto- rfi*f^**fr 
being no larger than the first outer diameter, the third 
outer dimrrtrr being larger than thr. frntt m*i-r /lTimw^» 
6. An apparatus useful for maintaining an endless belt 
wimin a lateral target belt position range while die endless 
belt is transported by a transporting mechanism, the endless 
belt having a belt inner surface and a first belt edge, the 
apparatus ^^"pfri ng: 

a steering roller contacting the belt inner surface, the 
steering roller having a first roller end. the steering 
roller being rotatahle about a roller Aria; 

carriage means for supporting the steering roller, the 
carriage means being pivotable about a steering axis 
such that the steering roller is pivotable about the 
steering axis, file steering axis not mtersecting me roller 
axis; and 

a first member positioned adjacent to the first roller end 
and functionally connected to the carriage means, the 
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8. The apparatus of claim 7, the support block hrfng 
stationary, me pivot-resisting means. compriCTng at least one 
flat spring, the at least one flat spring having a first spring 
end and a second spring end, the first spring end being 
functionally connected to one of the first and the second 
ntfriagr end members, the second spring end being posi- 
tioned to contact the support block and resist the pivoting of 
the steering roller about the steering axis. 

9. The apparatus of claim 8, the at least one flat spring 
c omprisin g a first flat spring and a secondflat spring, the first 
flat spring being fnncrionalty connected to the first carriage 
end member, and the second flat spring being functionally 
connected to the second carriage end member. 

10. The a p paiat u s of claim 7, the pivot-resisting means 
co mpri s ing a ceil spring positioned around a portion of die 
carriage pby 

U. An apparatus useful for maintaining m endless belt 
within a lateral target belt position range while the endless 
ana nmcoonauy connected to the carriage means, the beft is transported by a transp the endless 

first member contacting me bek inner soifacev^en the 20 **** having a beU inner surface, a first belt edge, and a belt 
first bettedse extends jcnffi^nthjh«miwi*^«^~*n_ width, the apparatus comprf siog: 

a steering toller contacting the belt inner surface, the 
steering idler having a first roller end and a second 
roller end; 

carriage means for «»upi«ifag the rtmrmg roller, the 
carriage means being pivrtablc ab<)m a steering axis 
such that the steering roller is pivotable about the 
steering axis, the carriage means comprising; 
a carriage first end inemher functionally connected to 

the first roller end; 
a carriage second end member functionally ^mnrrtpd 

to the second roller end; 
a carriage center member ftmf*i«n*ny ^nniw^H fry the 
carriage first and second end membexs; and 
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first belt edge extends suflldently beyond me ftoroto 
end, flie first member applying greater friction to the 
endless belt man the steering roller when the belt 
contacts the first member, me first member being 

POSltiflPed irfatlVft tn th* ttwring art* pi^h that nnnt*r<t 

between the first rnember and the beU causes the first 

member to apply a first torque to the carriage m«my 

about die steering axis. 
7. An apparatus useful for m»in»«im» g an endless belt 
within a lateral target belt position range while the endless 
belt is transported by a transporting nwfamicm the endless 
belt having a belt inner surface and a first belt edge, uie 
apparatus comprising: 
a steering roller contacting the belt inner surface, the 

steering roller having a first roller end and a second 

roller end; 

carriage means for supporting the steering roller; die 
carriage means being pfvotable about a steering axis 
such that the steering roller is pivotable about die 
steering axis, the carriage means comprising: 
a carriage first end inemher thnrtiomifiy cremmrd to 

the first roller end; 
a carriage second end niember functionally ««n^ 

to the second roller end; 
a carriage center memher fiwrri Ai^fly m nn^^ to the 

carriage first and second end rnembers; and 
a carriage pin having a first pin end, the first pin end 
being functionally connected to the carriage center 
member; the carriage pin having a pin longitudinal 
axis which is the steering axis, the carriage pin bring 
rotatable about the pin lnngfon rifant axis such the 
steering roller and the carriage means are rotatable 
about me steering axis; 
a first rnember positioned adjacent to die first roller end 
and functionally connected to the carriage means, the 
first niember contacting the belt inner surface when the 
first belt edge extends mifiicienrry beyoiidtten^roner 
end, the first member applying greater friction to the 
endless belt than me steering roller when the belt & 
contacts the first member, the first member hring 
positioned relative to the steering axis such that contact 
between die first member and the belt causes the first 
member to apply a first torque to the 

carriage m^ ftn ff 

about the steering axis; and 
ravot-resisting means for resisting the pivoting of the 
steering roller about the steering axis. 
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a carriage pin having a first pin end, the first pin end 
being functionally connected to the carriage center 
member, die **rn*fm pin having a pin lougrtudinal 
axis which is the steering arisy the carnage; pin hrfng 
rotatable abort the pin k»ngifuHin»1 m \ n nKfa that thf 
steering roller and the carriage means are rotatable 
about die gft^gfrig axis; 
a first member positioned adjacent to the first roller end 
and functionally connected to the carriage means, the 
first member contacting the belt inner surface when the 
first belt edge extends sxffidently beyond me first roller 
end, the first member applying greater friction to the 
endless belt than the steering roller when the belt 
contacts the first rnember, me first member being 
positioned relative tome steering axis such titat contact 
between the first inemii and the belt causes the first 
rnemb e r to apply a first torque to the carriage "^"g 
about the steering axis; 
a bdt-teniioning means for causing me steering roller to 
apply a tensioning force against die belt timer surface; 
and 

a tension-balancing means for allowing the belt- 
tensioning means to balance the tensiomng force across 
the belt width. 
12. The apparatus of claim n, the carriage pin having a 
second pin end, the second pin being threaded, the belt 
tensioning means conmrising: 
a compression spring positioned around the second pin 

end and having a first spring end; and 
a tension adjustment disc having a <prtng a nA a 
threaded inner surface, the spring face contacting the 
first spring end, the threaded inner surface rnating with 
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and being rotatable about the pin second end, (he 

rotation of the tengvin ftnjmtfmfnf rikr in a first m tetmg 

direction compresses the compression spring and 
increases the tension applied by the «***"«g roller to 
the endless belt 
15. The apparatus of claim 12, the compression spring 
having a second spring aid, the belt tensioning means 
further comprising a tension release cam operatrvely 
coupled to the second spring end* the tension release cam 
being rotatable about a cam axis from an tftnrio , n- ^ n g n flfag 
position and a tension-releasing position. 

14 The apparatus of daim 13, the belt fonmng a belt loop 
within which me steering roller, the carnage means, me 
belt -tensioning means, and the tension^nlancing raw™ are 
positioned. 

15. The apparatus of claim 11, the carriage center member 
having a coupling hole, the tension balancing means com- 



a carriage coupling member connected to me pin first end 
and positioned around a portion of the carnage center 
mrmbtr; and 

and pff fwg *^" yai gh the caniage coupling hole, the 
coupling pin and the caniage coupling hole sharing a 
fgnfffofl-frfliamning axis abottt which me carriage rrntfr 
member and me steering rolkr are iotatable. 
ML The apparatos of claim 15, the tension^ttlancing 

hCTgngq^^gnlftrtn^TftlW uric »*A fln» «*^rfng fnrf? 

me tension-balancing axis intersecting the steering the 
tension-balancing axis not intersecting me roller axis. 

17. An apparatus useful for m»if»inin g an endless belt 
wimin a lateral target belt position range while the endless 

heft fa tranipnrtert fry a transporting m«glum tgfn | tfw eflfflfgy 

belt having a belt inner surface and a first belt edge, me 
apparatus ^h 1 ^" 
a steering roller contacting the belt inner surface, the 

steering roller having a first roller end; 
carriage means for supporting the steering roller* the 
caniage meant being pivotable about a steering axis 
such that the steering roller is pivotable about me 
steering axis; 

a first m e mb er positioned adjacent to the first roller end 
and functionally connected to me carriage means, the 
first member contacting the belt inner surf ace whm the 

first helt edge tartenrf* grffin'ratfy hryonH Hi* firtf mtoer 

end, the first member applying greater friction to me 
endless belt man the steering roller when the belt 
contacts the first member, me first m ember being 
positioned relative to the steering axis such mat contact 
between the first member and the belt causes the first 
member to apply a first torque to the carriage means 
about the steering axis; and 
pivot-resisting means for resisting the pivoting of the 
steering roller about the steering axis. 

18. An apparatus useful for maintaining an endless belt 
within a lateral target belt position range while the endless 
belt is transported by a transporting mrchamsrn, the endless 
belt having a belt width, a belt inner surface, and a first beft 
edge, the apparatus i*l n £* 

a steering roller contacting the belt inner surface, the 

steering roller having a first roller end; 
carriage means for supporting the steering roller, the 

carriage means being pivotable about a steering axis 

such that the steering roller is pivotable about the 

steering axis; 

a first member positioned adjacent to the first roller end 
and functionally connected to the carriage means, the 
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first member contacting the belt inner surface when the 
first belt edge extends sufficiently beyond the first roller 
end, the first member applying greater friction to the 
endless belt than the steering roller when the belt 
contacts the first member, the first member being 
positioned relative to the steering axis such mat contact 
between me first member and the belt causes me first 
member to apply a first torque to the carriage means 
about the steering axis; 
a belt tensioning means for ranging the rfrrring roller to 
apply a tensioning force against the bdt inner stirfact; 

a tension balancing means for allowing the belt tensioning 
means to balance the twidnwng force across the belt 
width. 

19. An apparatus useful for maintaining an endless belt 
wimin a lateral target belt iK>sMon range while me esdless 
belt is transported by a transporting mrrhanism, the endless 
belt having a belt inner surface and a first belt edge, the 
apparatus comprising: 

a steering roller the belt inner surface, the 

steering roller having a first roller end; 
carriage means for supporting the ftrrifTC roller, die 

carriage means being pivotable about a steering axis 

such that the steering roller is pivotable about the 

ftwf ing axis; 

a first member positioned adjacent to the first roller end 
and functionally connected to the caniage means, me 
first member contacting the belt inner surface when die 
first belt edge extends sufi^ciemly beyond me first roDer 
end, fite first member applying greater friction to the 
endless belt than the steering roller when the belt 
contacts the first member, the first member being 
positioned relative to the steering axis such that contact 
between the first member and the belt causes me first 
member to apply a first torque to the carriage means 
about the steering axis; and 

a tension toller positioned adjacent to the steering roller, 

the tension roller applying m tensioning force to the heft 

inner surface. 

20. An electrophotographic system, comprising! 

an endless belt having a first belt edge, a belt inner 
surface, and a belt outer surface, the belt outer surface 
comprising a photoreceptive substrate; 

a charging system for charging the photoreceptive sub- 
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an exposure system for exposing the photorecerjcfve sub- 
strate to at least one image-wise pattern of radiation 
which creates at least one electrostatic image on the 
photoreceptive substrate; 

a development system for developing the at least one 
electrostatic image to an at least one toned image; 

a trmnxfer system for transferxing the toned image to a 
receptor; and 

a bdt-steering system for steering the belt, <min ^n i )fln y 
a steering roller contacting the belt inner yrfane t the 

steering roller having a first roller end; 
carriage means for supporting the steering roller, the 

carriage means being pivotable about a steering axis 

such that the steering roller is pivotable about the 

steering axis; 

a first member positioned adjaceiU to me fim roller end 
and functionally connected to me carriage means, the 
first member contorting the belt inner surface when 
the first belt edge extends sufficiently beyond the first 
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roller end, the first member applying greater friction 
to the endless belt than the steering roller when the 
belt contacts the first member, me first mrmber being 
positioned relative to the steering ***** such that 
contact between the fh^ member and the belt causes 
the first member to apply a irrsttorque to me carriage 
means about the axis; and 

a tension roller positioned adjacent to the steering 
roHer, the tension roller applying a tamrfftiri pg force 
to the belt inner K in fm y 
2L An apparatus useful for maintaining an endless belt 
within a lateral target belt position range while the endless 

belt is transported by a transportin g nwimnjem ttq A xchflr an 

image is imposed on the belt by an imaging station, the 
endless belt having a belt inner surface and a fim belt edge, 
the apparatus cranpiiKjn g; 

a steering roller contacting the belt inner surface, the 

steering roller having a first roller end; 
carriage means for supporting the steering roller, me 

carriage means being pivotable about a steering axis 

such that the steering roller is pivotable about the 

steering axis; 

a first inember positioned adjacent to the first roller end 
and functionally connected to the **wr«g » means, the 

first memliBi mntttrtrng nS^ K^ft f f^fr ffHrfftTT Tifhtn the 

first belt edge extends sunlcientry beyond me fimiolte 
end, the first member applying greater friction to me 
endless belt than the steering roller when the belt 
contacts the first rnembec, the first member being 
positioned relative to the steering axis such mat contact 
between the first member and the belt causes the first 
member to apply a first torque to the carriage means 
about the steering axis; and 
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a stabilizing roller oontacting the endless belt and posi- 
tioned between the steering roller and the ima ging 
station to create a span of the belt wtiich forms a plane* 
the plane being substantially unaffected by pivoting 
movement of the 'frying roHec 
22 A method useful for steering an endless belt toward a 
lateral target belt position wMk the endless belt is trans- 
ported by a transporting mectianlsm, the endless belt having 
a belt inner surface and a first belt edge, the method 
comprising the steps of; 
providing a steering roller ™"*»-*^g the belt inner 
surface, the steering roller having a first roller end, the 
steering roller being rotatablc about a roller axis ; 
providing carriage means for supporting the steering 
roller; the carriage means being pivotable about a 
steering axis and allowing the steering roller to be 
pivotable about me steering axis; 
providing a first inember positioned adjacent to the first 
roller end and fancttrmafry connected to the carriage 
means, me first member contacting the belt inner sur- 
face when the first belt edge extends sufficiently 
beyond the first roller end, the first member applying 
greater friction to the endless belt man the steering 
roller when contacting the endless belt causing the 
endle^beittoappfyaflrt 
about the steering axis; 
transporting the endless belt in a first direction; and 
transporting the endless belt in a second direction oppo- 
site me first direction. 
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[57] ABSTRACT 

Web support for engaging a fully constrained moving 
web, having a cylindrical roller which imposes no lat- 
eral constraint on the entering portion of the moving 
web and which angularly decouples the exiting portion 
of the moving web. An improved mounting mecha- 
nism dynamically supports the roller solely at its mid- 
point along a fixed shaft A constraining member re- 
duces the movement of the roller to rotation about the 
longitudinal axis, pivotal movement about a gimbal 
axis which is parallel to the plane of the entering web 
portion of the moving web and perpendicular to and 
intersects the longitudinal axis at the midpoint of the 
roller, pivotal movement about a castering axis which 
is substantially perpendicular to the plane of the enter- 
ing web portion of the moving web and intersects the 
gimbal axis at a point upstream from the midpoint of 
the roller, and translarJonal movement along the fixed 
shaft as required for pivotal movement about the cast- 
ering axis. 

5 Claims, 6 Drawing Figures 
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WEB SUPPORT WITH CASTERED AND support that is functionally non constraining, although 

GIMBALLED ROLLER structurally an angular lateral constraint 

Although the above-noted variables upon which 

CROSS-REFERENCE TO RELATED tracking depend are usually parameters which are gov- 

APPUCATIONS 5 emed by die design of the web tracking apparatus. 

Reference is hereby made to commonly assigned and some generalities can be stated that cover a significant 

copending U.S. Pat application Ser. No. 504,77 1 f filed number of situations. Thus, for a flexible web support 

Sept 10 1974, entitled WEB TRACKING APPARA- by hard surface cylindrical supports, the upstream web- 

TUS, filed on even data herewith in the names of Thad- span to web-width ratio should be somewhat equal to 

deus Swanke. Michael Samuel Montalto, and John 10 or greater than one. and the wn^angle should range 

Edwin Morse. Reference is also made to commonly as- between approxttriately 3(T and 1 35% depending on the 

signed and copending U.S. Pat application Ser. No. coefficient friction of the surfaces in contort, and on 

504 778 filed Sept 10, 1974, entitled POSITION- web tension. If otherwise, the web could be prevented 

ALLY CONSTRAINING WEB SUPPORT, filed on &om tracking, either because of not enough, or too 

even data herewith, in the names of Thaddeus Swanke 15 much wruVthe web support 

a^RichardTtornasO'Marra. T ° ** f'^^^^^^ 

rauiviwwuu i«w nient to refer to a laterally non constraining support as 

BACKGROUND OF THE INVENTION an N support, and to refer to a laterally constraining 

i rwAfik-i^nn support as a P support if it is functionally positional lat- 

vice, and more speedy to "fig^S^^ tracking apparatus of 

for a web engaging roller m a web support wJuchm,- me tvJSsed aboveTone of the prima^^nsider. 
poses no lateral consent to the entering web porff n ^ mbn ^ of me lineraly 

and which angularry^oeco^es^the exrtmg web portion. ^ nK ^ web 
2. Inscription of the Prior Art web is achieved if the tracking apparatus has at least 

Web tracking apparatus ^rtrBckmg ^ ^ later ally constraining supports, at least one of 

rectionally moving webs or, i hard surfaced, cytodncal fe fufther ^^ted to ^ a p^upport; the re- 

web supports can be considered fiinctwnaDy ascoin- rnammg web supports, if any, m the trackmg aw»ratus 
prising basically two types of web supports. The ra> ^ he either laterally constraming supports (P and A) 
early moving web approaching a web support sees Q r non constraining supports (N) as dictated by design 
the suprx>rt, relative to a fixed f^ ooiisideratioris. 

erally constraining support or (2) a laterally non con- Although the stability rninciple stated above wffl en- 
straining support A laterally coristraining support may sure linear stability of the moving web, it does not, 
be further subdivided into (a) an angular lateral con- 35 without more , ensure uniformity of tension in the mov- 
straint in which the entering web is constrained against ^ web ^ NorMimfbrintty in tension ordinarily results 
changing its lateral position, except as its angular posi- 5^ ioperfectkms m the manufacture of webs and web 
tkm changes, and (b) a rational lateral constraint in supports, and from the lack of perfect parallelism in the 
which the entering web is constrained against changing lon^tudinal axes of the mounted web supports. It fol- 
its spatial lateral position, while remaining free to 40 that if manufacturing tolerances are rninimized 
change its angular position. The web entering a non ^ ^ supports are mounted with a high degree of 
constraining support, on the other band, is free to parallelism, a degree of unifbnnity of tension will be 
change either its angular or its spatial lateral position achieved. However, such considerations are indepen- 
wrthout experiencing substantial lateral forces. aent of the stability princtple. 

Whether a particular web support is a laterally con- .45 if a high degree of uniformity of tension of the web 
strarning or laterally non constraining support depends ^ a requisite of the tracking apparatus design, it can be 
as much on its function in the tracking apparatus as on achieved with little regard to mamifocturmg or mount- 
hs structure. For example, a rotating fixed-axis cyhn- ing tolerances by conforming the web tracking appara- 
drical roller, such as an kQer rotter or a drive roller in tus to what wfll be referred to as the uniforrnhy of ten- 
a tracking aprjaratus, is structurally an angular lateral 50 gion principle. This second web tracking principle die- 
constraint capable of constraining the moving web fates that the moving web exiting from a first laterally 
against change in its lateral rxashion. To perform tunc- constraining support must be given fr eedom , once and 
t fon gffly **** fln angiilar lateral constraint however, the only once, to change direction before entering a second 
entering web has to be capable of tracking on the rotat- _ laterally c on str ain ing support Tins freedom is given to 
ing cylindrical surface untfl the moving web and the ro- 55 the exiting web by "gimbaJling" the web support; Le., 
taring surface ?r» nK^ m n gitt; Lg._ until the tonyrriirH- by rnountingthe websur^port wher^ 
nal axis of the rotating surface is perpendicular to the ing type or of the non-constraming type, for pivotal 
direction of travel of the web. This tracking phenome- movement about a gimbal axis which is parallel to the 
non is due to frictkmal forces developed between the direction of linear movement of the entering web, and 
hnearty moving web and the rotating surface, which in which intersects the longitudinal axis of the support at 
turn are a function o£ among other variables, wrap an- the nrkipoint of the support 

gle, web tension, and the upstream web-span to web- The gimbal action of the web support, Le,, the capa- 
wkhh ratio. Thus, if the wrap angle, for example, is in- bflity of the exiting web to change direction, enables 
sufficient to create the frictkmal forces necessary for ^ the exiting web to co m pensa t e for non-uniformity of 
tracking, the entering web is free to change its angular tension of the web in the downstream web span. The 
position and/or its lateral spatial position, without ex- resultant force of the nort-uniform tension across the 
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therefore, the exiting weD is nor iree \a |Q mg gurfece of the web support is mounted 

clear from the above relationship that the magni- for pivotal movement «JJ ^0 

tude of the force component perpendicular to the ghn- For example. UAM No J2J^"*~ ™ 
bTaxis is greatest for a wrap angle of 90°; moreover, support havmg a '^^^f.^^^?^^'^ 
aTthewraTanjae increaseslppreciably from 1 80° the the pivotal movement about the caster ^gmbaUaaes 

tateraUy constraining P- or ^PPO^^^^ T^rdingty it is an object of the present invention 

the supports provide, <-"«*r* j^J^ 33 another object of the invention to provide a web 

downstream web without affecting tote ™J*Tr£ "~ in which the castering and gimballing pivotal 

position of the web at the second and any subsequent external member only. 

non-constraining gimbalted support, becomes unstable ^ SUMMARY OF THE INVENTION 

and indeterminate. Tte resuh couW These and other objects are accomplished according 

ityofme web span between tnefes^l^^ort tbeprefeired embodiment of the present invention 

and the second ~^ m ^f^^^S £ ronJaMy^tmg a cylindrical w^gmg roller 

edge damage to the movmg we ^ ,^.^^^1 £ TEH stmpofl TfoV pivotal movement of the roller 

Thus, the "once and only on< * K ^SLo^nt 43 a^tamSpXt and for translation movement of the 

^JT^^:^^^P^^S^- ^ S>nf mTfrxed support while statically and dy- 

uhhzed in a tracking apparatus, wrme prov.uu« namicaDy supporting the roller solely at its rnidpoint. A 

^elScX the above principles would not be vie- single constraining 

TneoreucalJy. ine a ™™ ^y>" . -—-kj-,. the roller to pivotal movement about a gtmbal axis and 

lated by a two-support dosed loop wcbt «^8appa so ^B^cJbSu axfe, and to translation movement 

requirement, and wrap a ^V^™™ - J£S- te l to the plane of the entering web portion of the mov- 
wn^^g.mba^acti^dq^.a^w^p^ ^ ^ fe perpendicular to and internet 
cal problems such as ^/^^^^^X 55 etadinal axis ofSerofler. The <»tertog axis is perpen- 
^r^^rnSnaTS^ ^ar £ jSK? " ' *** * 

iSTEp web tracking -W^"^^ T^e^teTSb^n^^onow cylindrical 
nates such technical and P™^P^""^"E -JL J VTedrigW shaft of uniform 

^ n °r M iT^~^ 0 r^^o7SK 60 So^S^se^aligning rX baU bearing upon 
ciples outoed above ^^J^SSolSPii SSTSe roller is mounted with their respective nud- 
CaCh . h ™ k «wr^ are points coincident The radial baU bearing enables the 

K^^ouS Sus^Tfc SrtSular. a roller to rotate about its kmghudinal axis and pivot 
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of flexturally mounted members between the outer sir- Ball bushing 56 is slidably mounted on fixed shaft 51 
face of the bushing and the inner surface of the roller which is supported by yoke 71, which, in turn, is 
to achieve the same result. mounted to fixed frame 53. Bearing 55 is centrally 

The pivotal and translation^ movement in either em- mounted on bushing 56 and roller 11, and is fixed in 
bodiment is controlled by a coristraining arm, defining 5 position to the bushing and the roller, respectively, by 
a line of action, one end of which is mounted to the rol- locking rings 14 and locking annuhis 12 (see FIG. 2a). 
ler through an outboard bearing for pivotal movement The radial ball bearing in combination with the ball 
about a pivotal axis. The opposite end of the constrain- bushing rotatably supports roller 11 solely at is mid- 
ing arm is mounted to a fixed frame for pivotal move- point while simultaneously enabling the roller to pivot 
ment about a pivot point. The line of action corre- 10 about its midpoint and translate along shaft 51. The 
sponds to the centerlme of the constraining arm and pivotal and translatkmal movement of roller 11 b rela- 
passes through the pivot point, intersecting the iongitu- tive to fixed frame 53 which may be the frame of a web 
dinal axis of the roller at an oblique angle and the gim- trackmgagpaTatiffi such PS that ilisdnsfri m^copendmg 
bal axis at a point upstream from the midpoint of the ajppttcaSon Ser. No. 504,771. " 
roller. The pivotal axis is defined by the intersection of \y A constraining arm 60, mechanically connecting rol- 
and is mutually perpendicular to the line of action of / ler 11 to yoke 71, reduces the degrees of freedom of 
the coristraining arm and the longitudinal axis of the ( movement of roller 11 to pivotal movement about gim- 
roller. A counterweight is mounted at the end of the V bal axis 20 and castering axis 30 without affectmg the 
roller opposite the end upon which is mounted the out- \ rotational movement of the roller about longitudinal y 
board bearing. The counterweight counterbalances the 20 W> 40. Coitstrainmg arm 60 comprises a stiff member/ 
weight of the outboard bearing and the constraining 63to which is mounted at one end a resilient wire64 
arm so that the roller is statically and dyriarriically sup- and a%Ae opposite end a semi-rigid plate 62. jtejHent 
ported on the fixed shaft solely at its nudpoint wire 61 Xmechanically ccnmected toyo^n by at- 

The invention and its objects and advantages will be- taching the fre^e nd to a memh er^Owhlch is adjustably 
come more apparent from the detailed description of 25 posrtionable in yoke 71 by screw assembly 72. Plate 62 
the preferred embcwiiment presented below. of coristraining arm 60 is bent along a line 64 (FIG. 2d) 

which is perpendicular to and intersects the line of ac- 
BRIEF DESCRIPTION OF THE DRAWINGS tkm 66 of constraining arm 60. The portion of plate 62 

In the detailed description of the preferred embodi- between bend line 64 and rigid member 63 makes an 
merits of the invention presented below, reference is 30 oblique angle with longitudinal axis 40 of rotter 11, 
made to the accompanying drawings, in which: whereas the portion between bend line 64 and the end 

FIG 1 is an isometric view of the web support of the opposite that connected to rigid member 63 is perpen- 
invention showing the mounting mechanism for the dicular to the longrtudinal axis of the roller. The signifi- 
web transporting roller, which is partly broken away, cance of the oblique angle will become apparent m the 
and the relative location of the various axes; 35 discussion to follow. Further, inspection of FIG. 2b wul 

FIG. 2a is a longitudinal cross-sectional view of the reveal that other side, 
web support showing the mounting of the roller, The portion of plate 62 which is V^rpc^c^rtoB^ 

FIG 2b is a partial side view of the web support with of rotation 40 is mounted to outer nng 82 of outboard 
its constraining arm; „ bearing 80 67.Tt is J^JWff^^ 

FIG 2c illustrates another embodiment of the web 40 viewing outboard bearing TO in cross-section m FIG. 2a 
support of the invention and shows a roller supporting that rotter 11 is tree to rotate about its longtodinal axe 
bushing which is flexurally mounted to the roller at its 40 (which in FIG. 2a is coincident with axis 50 of shaft 
midpoint for achieving translation along the shaft and SI ) while the inner ring 81 of outboard bearing 80 re- 
pivotal movement about the center of the rotter, ak mains stationary. To ofifeet the added weight of out- 
FIG. 3a illustrates still another embodiment of the 45 board bearing 80 and constraining arm 60 at one end 
web support of the invention and shows a constraining of roller 11, counterweight 52 is added to the opposite 
arm riaving a yoke at one end and a ball and socket ar- end of the roller so that web support 10 is statically and 
rangement at the other end; and dyriamicalry balanced about the rmdpoint of roller 11. 

FIG 36 is a side view of the embodiment of FIG. 3a From the foregoing it will be seen that constraining 
and shows the corKtraining arm pivotally mounted to arm 60 is tree to pivot in any direction at the end com- 
the roller outboard bearing for pivotal movement about prising resilient wire 61, and free to pivot about pivotal 
an axis which intersects the loiigrfrdmal axis of the ml- axis 65 only at the end comrmsmg plate 62. The mount- 
k r hug of constraining arm 60 on outboard bearing 80 is 

such that the line of action 66 of constraining arm 60, 
DESCRIPTION OF THE PREFERRED 55 p^tal axis « 9 and kmgitudmal axis 40 of roller 11, in- 

EMBODIMENT tersect at a cornrnbn point. Moreover, pivotal axis 65 

Referring now to the drawings wherein tike reference is substantially perpendicular to the mwgmary plane 45 
numerals have been used in several views and figures formed by line of action 66 and longitudinal axis 40 
for like elements, FIG. 1 illustrates a web support 10 ^ (see FIG. 1) which, for convenience, witt be referred to 
having a castered and ghnballed roller 11, in the form as the entrance plane. 

a hollow cylindrical drum, mounted according to the The resultant freedom of movement of roller 11, due 
invention As clearly seen in FIGS. 1 and 2a, web sup- to the various mechanical parts of web support 10 de- 
port 10 further comprises a self aligning radial ball scribed above , is ( 1 ) pi votal movement about a gimbal 
bearing 55 mounted on a ball bushing 56, an outboard axis 20, lying in the entrance plane 45, wMch * perpen- 
bearing 80 fixedly connected to constraining arm 60 dicular to and intersects kmgftutfrial axis 40 at the mid- 
thrnuffh outer rine 82. and a balancing counterweight point of rotter 11; and (2) arcuate movement, having 
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which is substantially perpendicular to and intersects of the instant invention is the reverse of what occurs 
entrance plane 45 at the intersection between gimbal when a moving web, not fully constrained, enters an an- 
axis 20 and line of action 66 of constraining arm 60. It gularly constraining web support such as a fixed axis, 
is clear that the magnitude of radius 35 is dependent on cylindrical drum, in this latter situation, it is the enter- 
the oblique angle line of action 66 makes with horizon- 5 ing web which aligns itself to the web support so that 
tal axis 40. its direction of travel becomes perpendicular to the 

Inspection of the geometries of FIGS. 1 and 2a will fixed longitudinal axis of the rotating cylindrical drum- 
reveal that arcuate radius 35 varies according to the Exiting web portion 16 of moving web W is given 
amount of translation of the midpoint of the roller freedom to change its angular direction, thereby angu- 
along shaft 51. If translation of roller 10 is toward flex- 10 larly decoupling the fully constrained entering web por- 
ure arm 60, the castering radius becomes longer. If, on tion 15 of moving web W. This freedom in exiting web 
the other hand, the translation is away from flexure arm portion 16 to change angular direction without affect- 
60, the castering radius becomes shorter. However, for ing the lateral spatial and/or angular position of the up- 
small translations from nominal, the castering radius stream entering web portion 15 is due to the capability 
remains relatively constant to a close approximation. 15 of roUer 11 to pivot about gimbal axis 20 n^esponse 
Similarly, the gimbal axis 20 varies slightly from its to downstream conditions. Although from viewing the 
mmiinal position. As seen in FIG. 1, and more clearly arcuate movement of the end of roller 11 indicated by 
in FIG. 2b, the ends of roller 10 have arcuate motion arrow 68 in FIG. 2b it may appear that movement of 
indicated by arrow 68 rather than straight line motion roller 11 about gnnbal axis 20 will produce a change m 
along pivotal axis 65. This is due to the pivotal action 20 the rjeipemfccularity of longitudinal axis 40 and the di- 
of flexure arms 60. As with variations in arcuate radius rection of travel of entering web portion 15 (which 
35, for small pivotal movement of roller 10 about axis would affect the lateral position of entering web por- 
20 the ends have linear motion rather than arcuate mo- tion 15), closer exanunation will reveal that roller 11 
tion to a close approximation. These variations from will automaticaUy cbxnpensate for any changes m per- 
nominal are indicated solely for clarity; they do not 25 peiKlknilarrty by amply pivoting about castenng axis 
limit the function of the web support in any significant 30. Thus, exiting web portion 16 is free to change angu- 
^ lar direction without affecting the lateral position of the 

In an apparatus incorporating the preferred embodi- entering web portion 15. 
ment of the invention illustrated in FIGS. 1-2*, thesur- As noted earlier, the surface of roller 1 1 is pohshed 
fece of roller 11 is polished aluminum, the web in 30 aluminum and the wrap angle of the web about roller 
contact with roller 11 is polyethylene tenephthalate 11 is approximately 120° winch is in proper range for 
and has a thickness in the order of 7 mils, the wrap tacking and for gimbaliing. Since it is an N-type sup- 
angle ofwebW around roller 11 is in the order of 120°, port, lateral slippage between roller 11 and the web in 
the ratio of upstream web span to web width is approxi- contact with roller wffl be beneficial to the function of 
mately one, and the web tension of the web Wis ap- 35 the web support, which function is to present no lateral 
proximately one-half ounce per inch. It should be noted resistance to the entering web. 

at this point that web support 10 is unidirectional, ie., FIGS. 2c through 3b flhistrate other embodiments of 
it mustbe assembled in relation to the entering plane various parts of the invention. FIG. 2c fflustrates a 
of the web and its direction of travel. As seen in FIGS. _ bushing which is flexurafly mounted to the roller to 
1 and 2b the plane of entering web portion 15 of the 40 provide the center pivot feature. That is, the pivotal 
web is substantially parallel to entrance plane 45, while movement of roller 11' about its midpoint is achieved 
the direction of travel of the web is such that the caster- through flexure member 90 rather than self-aligning 
ing axis 30, which is substantially perpendkular to the bearing 55 as shown in FIG. 2a. FIGS. 3a and 3b lllus- 
plane of entering web portion 15 of moving web W is trate the use of a yoke 92 mounted on a baU-and-socket 
upstream of web support 10. 45 arrangement 85, rather than flexure arm 60 as tllus- 

In operation, the fully constrained entering web por- trated in FIG. 2a. Ball and socket 85 allows yoke 92 to 
tion ISofwebW moving in the direction indicated by pivot in any direction. Yoke 92 is pivotally mounted to 
arrow 5 does not "see" web support 10 as a lateral outboard bearing 80' by pins 93. The centerline of pins 
coiistraint since roller 11 wffl pivot about castering axis 93 intersects the axis of rotation of roller 11 As m the 
30 until longitudinal axis 40 is perpendicular to the di- ou preferred embodiment, the castenng radius and the 
rection of travel of entering web portion 15. That is, gimbal axis vary slightly from nomin al. However, as 
through the phenomenon of tracking discussed above, noted earlier, this places no apparent restrictions on 
roller 1 1 will align itself to the entering web portion 15 the function of the web support, 
by pivoting about axis 30 until its longitudinal axis is The invention has been described in detail with par- 
perpendicular to the direction of travel of the entering M ticular reference to preferred embodiments thereof, 
webportion Any pivotal resistance about castering but it will be understood that variations and modifica- 
axis 30 imposed by frictional or mechanical forces tions can be effected within the spirit and scope of the 
which would prevent roller 1 1 from fully aligning itself mvention. 
to the direction of travel of the entering web portion 15 I claim: 

(thus imposing a small lateral constraint on the web), 1. In a web support for engaging a fully constrained 
is compensated by providing roller 11 with a low- moving web having an entering portion and an exiting 
friction polished aluminum surface which promotes portion relative to such web support, said web support 
shppage' between the surface of roller 11 and the web being of the type having a web engaging cylindrical rol- 
m«ntactwith such surface. M ler which presents no lateral resistance to such entering 

It is noted for illustrative purposes, that the alignment web portion and which angularly decouples such exit- 
of roller 11 to the fuDy constrained entering web por- ing web portion, the improvement which comprises: 
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b. means for mounting said roller on said fixed sup- 
port to statically and dynamically support said rol- 
ler solely at a midpoint, and to provide for rota- 
tional movement of said roller about a longitudinal 
axis, pivotal movement of said roller about said 5 
midpoint, and translational movement of said roller 
along said fixed axis; and 

c. means for constraining said pivotal and transla- 
tional movement of said roller to pivotal movement 
about a gimbal axis perpendicular to and intersect- 10 
ing said longitudinal axis at said midpoint of said 
roller and extending in a plane substantially paral- 
lel to such entering web portion, pivotal movement 
about a castering axe substantially perpendicular 

to such entering web portion and intersecting said 15 
gimbal axis at a point upstream from said midpoint 
of said roller, and translational movement along 
said fixed axis as required for pivotal movement 
about said castering axis. 

2. The invention of claim 1 wherein said fixed sup- 20 
port is a rigid shaft of uniform cross-section. 

3. The invention of claim 1 wherein said roller 
mounting means includes a radial ball bearing having 
a midpoint coincident with said midpoint of said roDer 
for enabling said roller to pivot about its midpoint, and 25 
a bushing about said rigid shaft for fixedly supporting 
said radial ball bearing, and for enabling said roller to 
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translate along said shaft. 

4. The invention of claim 1 wherein said roller 
mounting means includes a flexure member having a 
midpoint coincident with said midpoint of said roller 
for enabling said roller to pivot about its midpoint. 

5. The invention of claim 1 wherein said constraining 
means includes: 

a. an outboard bearing mounted at one end of said 
roller, 

b. a constraining arm, defining a line of action, one 
end of which is mounted to said roDer through said 
outboard bearing for pivotal movement about a 
pivotal axis, the end opposite said one end of which 
is mounted to a fixed frame for pivotal movement 
about a pivot point, said line of action passing 
through said pivot point and intersecting said longi- 
tudinal axis at an oblique angle and said gimbal axis 
at an upstream location, said pivotal axis being de- 
fined by the intersection of and being mutually per- 
pendicular to said line of action and said longitudi- 
nal axis; and 

c. a counterweight mounted at the end opposite said 
(me end of said roller for counterbalancing said 
outboard bearing and said constraining arm to stat- 
ically and dynarnicalry balance said roller solely at 
its midpoint 

# * * * * 
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ABSTRACT: A supporting rotter across which a flexible web 
moves is rotatablv mounted at its midpoint on a longitudinal 
shaft and ispivotafly movable with respect to said shaft Three 
orthogonal axes pass through the midpoint The first axis is the 
longitudinal aXis of the roller, the roller is adjustably post- 
deniable about the second axis; and the third axis is agimbal 
axis about which the roller is free to rotate. In order to restrain 
the roller for these movement* one end of the roller is pro- 
vided with a roller bearing which is connected by flexures to 
an annulus extending around the shaft In one embodiment the 
annuhis is connected by a flexure arm to a tug which is longitu- 
dinally adjustable along a support post extending perpendicu- 
lar from the shaft Abo, the post is adjustably postkmable 
about the shaft so that the direction of the gimbal axis can be 
changed. In another embodiment a spring bracket biases the 
flexure member along its axis, the amount of the movement 
thereof being limited by a setscrew. 



PATENTED SEP28WI 



3,608.796 




JOHN E. MORSE 
RICHARD A. MARSH 
INVENTORS 

ATTORNEYS 



3,608,796 

BACXGROUfrfrOF THE INVENTION oonlance with tins invention: If the gimbal axb is substantially 

I.Reldofttottrventton ^£S^^^'^!T^^^^ 

^^^^^^^^^ 5 XSS^ 

s*ita.«rf suitable com*^ n«S^So^ ^ **"«*«m « tho entering 

frefedftomasnp^^^ JSdtttonaJ advamara of this teventte. , 

have been provided for efidless belts. Idler roller* h™- ^~SZ^J!z^l!^^ Wis mventton will become ap- 

to run off one aide of the roller, to provide even teasiop ,« '»^ V u V mganMn 9m - 

acrossthe belt, rooert have bccti nwutted for pivotal rW 15 BWEFDESCRTPTIONOFTHEDRAWINOS 
^t^utacem*,^ , hbukawinos. 

UAI^No.3.16l;itf tdfciaoetA 1 P^qP*^ v»ev/ of one form of the present fa- 

1964; VS. Pit No. 3,315,85* to Owon et aL with* issued ve ^J^^ ta ^^forcUB^^ 
Apr. 25, 1967; and OA Pat No, 3,342489 which issued to ™ . *?. 2 . ^^SWentary pertpectwe view of an alternative 
Drexler on Sept 1 9 J 96?. Id each of these devices ta^ m 10 guiMimiaa ^ a ^ ,t - 

^amaUgnmefct S*4 to is sccordknoe with thfe invention, a ra&er «k«rm v p ; n 

In a web patli, where a wob b subject to both Upstream and •aoMtedtatweettaniwier race. and aB^looae^errLe 
oow«treainc*iitrJdnti.hUdeifa^ "rt^ffl^tlOofttajroller.toeSiTB^^ 
^^^^V^M^mAi^ta^ nectcd to7t£ft 12. nava^^^a^^^ 

SUMMARY OFTHE INVENTION "iilil,^.. ' 

' .Jt,^ . """P** 1 10 support a web 16, which may move in 

'"theixo^mveauohaflaihjB^ «he dtocrJofl of arrow 18 and efitages roller 2 aionganap- 

uraouiiurfforroiational aad pivotal mOvemeM about a mid- 9?°** Jf 1 "* " nd ttereftom atone an exit planer 

point, but the roller kV further restrained for movement about 35 J" 0 ** 8 ^ ter 4u PP ort "haft 12 b nominally mounted so as to 
only ont s of three orUMgoi^ axes p^ng through the roller. *»»?n^ parallel wto l«h the epptdaA andean tn^ 
One of these axes b tlte loitgitudinal a^ •*» 1* However, in actual practice k is vfrtually hnpanible 

second orthogonal asb b the a^aW»lik*tlie roller bio ^f^^^^t^^t^^^^ trrbe^iTto 
adjusted, and the thitd Orthogonal axis b the axis about ..„ for any misalignment, means mast be provided 

which the roOer * free to rotate. This utter axb will be 40 fw **^ te l»«^ofrdhW2wi* 
referred to as the gimbal axis. Thus, by providing means for that it causes the web to seek the desired lateral position 
adjusting the direction of the longitudinal roller axis with without inmosing any unwanted comtraints on web 16 as it 
respect to the web about the second axis and for allowing the losses theieacross.. 

longitudinal roller axis to be free about the third or gimbal To accomplish this, bearing assaiiHy 20 b provided which 
axis, a trackmg roller b provided which allows adjustment of 45 ,nctade8 W 22 between an itmer race 23 and an 

the lateral web position at the roller and imposes the proper outer race 24; fitedly connected to the toller. Conveniently 
restraints on the web without unporing additional unwanted outer race 24 is fixedly mounted in the end of the roller and 
restram,s - the tanerra« 23 is free to rotate therein A roller adiustmrnt 

Thb b accomplished in the present invention by providing 50 assembly A b provided which in thb embodiment include an 
n^«onee^rftheronerforadju^ 50 atmulus 26 extending mound shaft 12 adjacent bearCa^ 

ghudinaj axo of the roller about the second orthogonal axis «n»My 20 and b connected to inner race STas bVaMh-of 
aad for postiomng the direction of the second and third members at opposite sides thereof, such as flexure 

«thogoiiaIax»wimres|ie*tote member 28. ' M ,leXure 

^.H^T^l^TL^lt?,? »»^««««*mdimj . ton- 55 .J5" <wtho 8 Qnal «« P«- through nndpomt 10 about 

gin^ shaft which ^nominally parallel to an approach and which movement or position of roller 2 tatraportant These 

anertpianeofthewebandbcwme^ axes are roller axis 30. adjustment axis 32 andJa^hai.™*? 

o^etaloftterolleri*- Through rofcr adjusbJnt^? A Tt TlS "cot 

annulus m turn is connected to a flexure arm extending <ub- strained So that tt b free to rotate about gimbal axb34 aTu- 

stan^ly perpewJicuWy fr^ tto w lustrated by torows^ but b ao^ 

port post «ttndsp^c%IIhV torn tnt, longitttdinal shaft ^©q&a^oTaXtos^^ 

and b prowled with means Connected to the flexure arm for ^i>«noMpSst*e^e^^ \ , 

adjustabfyp^tionteg the utter with respect to the bngitu- b attached thereto by a cb^,^^^rc^^^~~^ n,' CW 

dmal shaft biaddWoh, the post U adjustably mounted for nr^amttausMatalhasaredoc^ru^ 

pv^jBstrflew toout to tasgftudinal shaft to adjustably 65 » pivot by which ftexure arm 40 is aCJ to aZ «Tu?£ xi , « 

position he tfrtcticm m which the second and third b adjustable along post 36 by metaiof sp^atfaSeiJ CX.^ [ ~ 

orthogonal axes to with respect tbthevftb. Convenientiy, a huts 46. By thbmeWthe end lofiolter TTm^TX 

counter batance b ptOvWed « Ae opposite end Of the roller to direction of arrows 48to^Sl y ^uol^Sr aUm 

in an alt^u^eXdimeht, the ftexure M b competed ^^a^w£e?^t^^ 0r * ewebb > me<,M< > f 
to a biasing bracket which i,,SS ror^oTg ffi^SttSJ^ 
flexure member ami has a tetscrew whkh limits the amount of sembly 2d. annate 26 andfexure a™ S^t^l^ 
movement that can be impoaed upon the flexure member and com^dvbvTrit^a e? » u ccwterbalanced 
hence on the end of the roller. mcnucra™, cemvemently by thickened portion 51 at the opposite end of 
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It mil be noted tbat reduced section 42 of flexure 40 serves a roller for supporting a web, .aid roller having first and 

asapivot iK>mt to penrntrotatkm of roUer2about gimbals second ends and a midpoint through which said 

34 without raterferencc from the roller adjustment assembly orthogonal axes extend, said first ortho&mi] axis beimz 

A. Also, flexures 28 pcrafc|>ivo^ said roller axis; 

adjustable axis 32 as adjustment tug 44 is moved through its 5 mounting means ooncc uU i ca Dy arranged with respect to 

adjustment range. However, after adjustment, the position of said midpoint as the sole means for rotatabiy mounting 

roller 2 about axis 32 b fix ed. said roUer on said shaft so that said roller axis if free to 

An alternative adjustment assembly A is shown in FIG. 2 pivot in all directions about said midpoint, being unsup- 

wherem the reduced end 42 of flexure 40 is attached to a U- ported at said first and second ends; 

shaped spring bracket 52 which in turn U attached to frame or 10 fust adjustable positioning means for adjustably facing the 

housir« 14 as shown. Spring bracto position of said roller axis shout saW second orthogonal 

ure 40 in the direction of arrow 54. The extent of movement axis so that said roller axis is tutaantiaHy perpendicular 

of flexure 40 bnnutedby an adjustable aeticicw 56. to said upstream approach direction without restraining 

From the foregoing, the advantages of this invention are movement of said roller about mid third anhnonnn] n^c 

readily apparent. A wcMtanolmg device b provided which 15 A web-trackmg <kyice as claimed in claim 3, further hv 

facifitatea free movement of the rolWahnnt a gimKnl «K fH - ch ** n *; 

tending through the midpo^ gecciidaftistabtopo^ 

jiistabry fixed alxmt an _ *ngsarf orthogonal axes abom said lor^ 

to the gimbal axis and to the longtadmal axis of the rbOer * A welMracl^ device claimed in claim 3, wherein said 

Tmia^lor^ilud^ n _ 

to be exactly perpendicular to the desired ^cb approach rottu^ 

direction and the direction of the gimbal axis may belrfusted means comected to said bearirig for adjustably locating said 

tobestfatantia^ one end of said roller transversely with respect to said 

desired for the partk^ use for wn^ 6 a wh-trmzkm* Hew* m MimmA ;« c a„*_ - 

dcpciuiiiB on tte upstream 25 A web-tracfang device as datmed m chum 5, further 



c^c^S tT^L^^^^ 9 'Aweb-tracldngdev^^ 

^ ^ an annulus extending arou^ 
upsr^^^ 

SeX^^ n^bia^saidanna^^ 

* P £!^^ means hinitiitgtJiemov^ 

means defining a fixed tongihirimal axnr, biasing means. 

a roller for wpportmg a web, said roller having two ends 8. A web-tracking device as claimed in claim 5, wherein said 

and a midpoint and being rotatably supported solely at 40 locating means inchides: 

said midpoint for rotation about said fixed axis said an annulus extending around said shaft and connected to 

orthogonal axes extending through, said midpoint, said bearing: 

wherein said first orthogonal axis is said roller axis and is a support post spaced from said annulus and extending per- 

mnrnaUy coincident with said fixed axis; and pcndicutarry from said shaft; 

means for constraining said roller for free pivotal movement 45 an arm extending from said annulus; 

about said third orthogonal axis as a gimbal axis and for adjustment means on said post connected to said arm for 

adjustment of said roller axis about said second positioning said one end of said roller with respect to said 

orthogonal axis so that said roller axis is substantially per- shaft 

pendicular to said approach direction. 9. A web-tracking device as claimed in claim 8, further in- 

2. A web-trackmg device as claimed in claim 1 wherein said 50 chiding: 

constraining means includes: adjustable clamp means for adjustably connecting said post 

means connected to one end of said roller adjustably mova- about said shaft 

ble in a direction perpendicular to said fixed axis to ad- A web-tracking device as claimed in claim 8, further in- 

justably position said roller about said second orthogonal eluding: 

axis. 55 first means pivotalfy connecting said annulus to said bear- 

3. A web-tracking device for transporting a web between ing;and 

upstream and downstream constraints and having first, second second means pivotaDy connecting said arm to said adjust- 

and third orthogonal axes, said web being adapted to come meat means. 

into engagement with said handfing device along an upstream * l * A web-tracking device as churned in. claim 10 wherein 

approach direction, said device comprising: 60 said first and second means are flexure members, 
a fixed shaft having a longitudinal axis; 
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